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Sj f tj£j-— Jljl_jj V 4 i ^-<li _}_--__■ /ya JJlIs _«_! 

^ j J-l_>j t^^ij j__ 4_jJSL<-u oL*_jjw« 

dJ__j_c ^JJ 4-t-_Li imII ^jjJ^iAj (J—jjjJI ^j Liii "llm a 
LJ^i *U!^jj 1,1 ^ jW"- «^jjt-.» 4___aj tj^- j j i.t Vi 
4_Jl<_. I j j A . U j <jr— ' 3j_Vl 4JLfe i>mI 4 j » m 

_J 4_j. mi j ___ _JjJ_>a j i r t 4J_J__Jl djj-_wj 
^L___JI oM-^o ^Jl^V 4 t u I C«.-j JL3 4__Ui_- 
j_l JJlII <j_Q Sl rt" i ii a jl j__jL) j " * t4_i C j j i n Vl 

♦ SjUJtL 4 4 m ,MI L^_( (-JJ 4 tlUU -__ yl j£_>JI 

4_j____ « U% *a _JLub)) : L^J Jj-aj £JL£_La j-u__jj 
_______! JL_J iljL^J (__- (jr-C ^JLtJI _-_» j-oLc__jI 

♦ «ijcjjJLl __1__ SLp- «L_L» 4JL_j 

VI tl J U,L>- jjJ-L J__ jij_>Jl t J__t> _i J_^4J 

. Jjl_JL __j J_- Jl_ 3jj£> jJll _jLoj1*I1 _J JJLjj 4_l 

__J1 3_jl->JLI oU-l ^-C-l cy> j lSS Tl 

4__Ll_JLI jL_-_I 4_> ^-U-*- _jjdi ^L__b_l ^jl__ja ^ 
_jL____jj Jj__j .JljjJU __J__ 4__*__-_« 5Lx_- -j^jj ^Li__l __^ _!__« 

JS_j A< * r ' ^ •- J A J * 7flre j'j -~ j>^>^ (oJL-ji ^ 

. - , < ~ *i I vl * tl 5L_- « L-L» mh^I JL_ 

^ 4__iJL_ _L-l__ ^-ic. 4Jb _jUj>L-C jl_-j _;jJ1 

jjjl>. __-_-_>! u tnV"j LJ, 4_l» :4_t_ t _jJ l i 3j____ll ^ 


£jjaJI Kyl* SLp 


C±juJL 4 <*tU" a 4t j<*^ nt ^-i g - v t- ^ j jjw j_4 (__jL*j5 <jj-*J jl (_-^}L>.1 

jlj jL£ tdJL_t__J oLVjJI (_-J_ ^LJjJt t<ufc4 JL>-t 4_f (j-« ^J-^ cr^i * (( U-^h t ^' 

^Uk jj ^ 0 ^Ti 4_«L__ ^LLo t3j <j jjj j_«J 4_Ltejf Ju__ljJ j_J L-oLoJ 1 IM -T d 

^-L-. 4L*lst-A 3Lp- jj>.j j__. LoUj jJajlU j-xc j ^jwLill j^Lc^l ^j! «tln jit 0 

L-usul jLu_-Vl Ojjf JU-J ♦ jjd i» 3jL*J J--Vt <_-_£. ijlj 3Ll_>. j j.j t~ ^-Jl * £JJ-U 
j-x» *-__jVl jj-^u-->JI j-4 j- j - T I^JI j__. ^LuaJi ,^LJ_-J! j-4 JuJuJI L_i_stj-<J ^ 

. jj_U1 (____ 4-Jj AiaJI £-3j-a 

_-_* ^Juk JiL^Ta i«L-4_jJI j-jlJJ iU*ti i a Jj->J UL-C (^jLLLcL 
_-J_ ujbSJI )ju_ c£jL~ l_-3___ j u_4 jfj t o1j-JL_Jt 0j-_- c_iljL>-l ^-lc SjLcL-Jll 
(_--JI CjULJI (j__j_*j <:LJjJ1 ^ jj*n . (i (- r j^. t«4j<jlr <L<j_C_*_jcj 4___9» (__Jt 4-L>.j 

j__ 4_>uLJ1 cjL>1 "j n i ii^l jj <*m M m i nj i ^jjJLl _-!-*- SL j."v. jj_>.j ^_JJ j i 

4-jj5l J tS> A (_-__C, ^_-_>Jl ^yijC jj-uJjJl jjj i -*>. U Ujuci . n .1 l.iJ . 4J_Vl dJLfl> 

LuJucl .t.-a i<_±!_- jy-i j_x_>Vlj - 4-jitJjJLl Sj V i^ill J-J-i 4JU-juauII _ol 4 M.tl 
Jj__ 4 j < *"vfr _-__■ ^j-uL^cjJI Jj_o 1 0n aj . JJjJI Ijut 4jI Ju CjI jr I Ju ^ j j nl 

<tUt1 <-r.---i!t Jj *r> *-» j_« 3j-j-jl£> 4-__ j.g.-r-rt 4j-juauaJ1 £Jufe j ^ > ^> *n *5. X rt » >a 

^ ^ L-.<u£ 1 1 t (biology LjvjJjj-JI) *Lu>.Vl plc *astronomy liiioJI 4jIju 
jJt^Vl fj>iJt 4j3Lu3yL <(geology Ll>.jJj-lj>JI) (jisjVl CjUJU ,<l£.j 
(j^Lat ^ 2LoJ1) «exobiology Lujv.jJj-uj c f .5TV1 » Jlo ( juU SjlJjJI ^4jI j-£ 
Ji^ ^ybj torigin - of - life studies «3Lu>J1 Jjuot cjL^Ijj»j ( ((j^>jVl j-_uL 
(^JI Jjuaj-jJI (j^o r<J ci-4j >. t4 1 1 mi <11 4— jLIjo (jja J1j_j V u 

.(J^JLmJI (jjo CjIjLJLo 4jujI JjjS Li-tSj-? Ju Ju>- Lo (jjLL-j 4uLuco -1 jLjj 

(^J__J_>. L__^L->. JLJ> JJ V CjL_ J_C_> J_A (J-U 4_J oJjJi Bjl ^ uttl ^jlj *j *< t »)J 

ol__j-u_jja ^-JJ i^c-Jj-ll (j-A ("lUrt t ii (__jJ1 3j V i^ll j—u_J1 jwojJI Jj-4 * jlr 

Jiwlj 3_j->.jJLl SLjj-^_>JJ ovoids «cj! j.^j Jt» j.u » <u JlLo *L»L«_ 4_j_5>L>. 

.^juJJI j-»_>J1 Ijl-b 
jAjJjutl ^l 4 Utl (__L_ l-_>.j_j *4-4J^->JI ^j__u>3 (__-S jjju_>JLl Jjtiu Loi-ua J 

(j^-Ojl J Ij, t njl f*__ 1 <1 *f J \ *4Jjf j__ lj!u5-JJ jl ^CUJ-LI (_-JU_ ol_J_>Jl j__ L- <J*_ J L 

jf jl » > udJjJj i4jjVl dj-A 4-jJLc <jj£3 jt j-^U-» m;jJ1 JSLiJt j-o ^y-Ls- 
^j4. r..J Martian analogue ^-i^-jjJll JjL-5_JLJ |*1jjJt _____ (jryha j,7.a Ij-a-u 

■ 


■ *i9 ftl 


£yA < Urt < n oj-SLj JL_- ^LojJL ^dirt V O jL_-_- jl t J-L-3 <L«Jj__»- ^JLstJ 


1<3 •«* ^jj-uIjaJI ^ULJI ^jJSj ^pJl traces jLjV| J!Uj . 4.1, ,l.«*_c ^ya ^j^il 
Liol V m,I ^tnl i it JJjJtt <j-Lc J ^ 3l j jj_^j ^ylc 4_JjSM ^jLb i L^JLl_>tJ j 
^L^-lJI ^LL>JI ^c£L>Jt "< -»JU *jJj-u l— <aJiJ . 4jj1 <\~i a CjL>jjJ (ja <il"i V * 
(>aJ___>I j_*il orjl*i-<t-tl jury ^ Ai ->JLI ^y» <-__j_«-Jl Jj * » I j * ^ H ^^u-J 

l^J JJLp ^.jJI 4-»jjJI <c_l]jU ^ <T<d« L___> IjJ i->-A-*J <jt 4_a1__. LU J-C-5 ((JjoIj 

.4aJL_Lo j_jjJLl 4-4JjL_-j| BLpJI 4 j ir>4 




L-_l_ej tWW jnh,,, C? <j-4 £->l l_J| ^ 

< "<J jt l £jL>. Qj) J-^J ^r^J «^l (j-UJ-JjJl 

IjJt^rw (jt ^jUjt tjUi i^ilj 4 o i__>L-J1 ^.-9 <j___ojV1 
4 j j Urttt 3jl n\\ 4__lLc. j »^ 0) 1 j <j j't 

^-J-c. ^jJLstj iAntarctica L_LjJ^jLu! t 4^j_L_>J1 
t__t_Tj__> <_____=. 4_-ujl_9 3l_Ljw jj_j>.j ^-Jl j.t 4Jj! 
^-j! j-Ja c ___j-_l-J1 j^_j>JI Ijla <jJ .Mars £_jjJLI 
j^Ll-Jl 4_JL»J1 <_.,,, ( .;1Ua tj» nl-j ^jjJLI 
3jj__>.jJL1 nll J^j 1 Wm <JL_*-I_> djj__>.jJLl 
^jT jj_> j---*! 4 miAjlII j-jjj L«j . j_jjJL1 l-aSj-C 

(______. 4 j r * t l (^-jjL-JI) j ua-tJI JLjJl__>o CjLJLoj 

jl__. ,4 * rM ^loLuJI ( Y )(J>Ur o ,xl) JL^ 

Lcj-4 i 4 im J/U^L 1 , 0 J— Ttllj l*j /| ^ L_JjJ___>. 

j-4 ^JL-s! ^-JtJjJJ ^j-_x_J1 j-_a___>J| L-JJj JjL__atJ 
^--Lc. j? (jlsj^l <___-£. l_jJ__>-j ^j^s-l 3j— ^ ,, i ^ 
jl 4 n j n j__b l_JJ j 4-j1j-_c j_j__TV1j . j__ c-_tJI 

4-jjj j-i-u (^jJl iJJj-JLl ^j--» SJI J--'jJ1 I JlA 

^j-4 dJUJLC LcIjj! ^ui-u X r )l_jI JujL 4j-jj! 
* jJl-_l-_JI 4_-JL 4_l_>. L-cl jj| <j! c^l c-^ 1 
Jj j ^ '" ' L4 jj C»K 1 <i JL__ * _Lj i i _>**j JU-4 C<*iLa 


«4j_Lc ^ 4J.1I < ^UT 

.3>i*____JI .> jL-b crevices , , 



_)L_ 4_L--->) : MjLii * j>- j-*-> (JLc- ^j-^jit **J <j^^t (^jJI i^j—j-jjJI ~j_-_- 

( j ■ ■" ' — —I mhC-M I j__ (j_4J_*-_JJ t^JiASij <4j_>-|j_-J (jl_ tCjl— I ^-*-<t->- 

J^aL-* l____-J-j-<-- (^ySuj-jOj/l »1 iriiitl -c_-jLjj U^f ^-oj _?-— ■ L I j. . . j o **< < n" _jl (_oeJj 
3l___ ->J-^J _-_- 5JjVl (j-4 JjjJLt _>-- <-<^r iU 4 j < n ~ 1 1 4j1jL$_aj 4_J__*JI 4j1jJL_ 

cjL_5—jV 4 j iUjJI Sjl^yi jjJwo jjfcj i(jj_tj_>. JLuIj L~I .« jjjJLI l___j_-* ____ 

IjljJl>u j-J-H CjI rtjltj 4_.l-r inlt (jU-stJ o-^ tC^L-U) £_x_j__1 j (jlj-tiaJI 

j_____>- jt - t<3 JL_>-j>> (j_- __JL___J V Lul J-J_X>_>JI p<j rtj <jt JLJjl» : JLil _>->■ 

4_l__j ^-UIj t L>L_>JI 3jlj>.jj j_t i^TI 4__JL structures ^Jj Jj «<3 j f it A\ 
l_L_-> _,L ^l>-fll jf JjJ- l_Ll_ (j_uJ .(ji-j-l _,J__ 3_j-*-jil Ljj-__JI L» 1__jj 
.« jjjJLl __i_, ^Lu_> I CjJl>.j J_3 3l_pJI <j_« ____! JL___! _;l 
(j_4 < rtMXtl I Jl_> ____ _)j__*j L_JLl *-Lj_UJ1 4j £j-*-_ Lq _y_ajjJI j)Lcl (j__>J 

(^j_>- j-cjja j->j - « L___L» 4JL_j j— -lo (__a (___Ls___ j-Ajj^o ____ ^_>jj_ 

l_jj mm J__ J-Jj-U (_--_ 3__l_- -ij^J (j-c. dL±_Vl l__jL_* (jl Julj i4_L_a___ __!__ 4j 
ij] _)}L-J ^JlC 4_t_i_*JI JlJL__J1 u trTi n"j .4 u » nitt 4_.l-r «ntl <_-JJ La J-L_j 
j*jjl_J1 (__—>■ J .4— 4_oe-4 4 j <Jr 4-Lt- a (___9 £_L_J1 j-__u (j--— JuJL_v —3 ____£' 1 
(j_4 j mi C (j_jL__JI 4JL>JI dJ_- (__- (j— _* /jJjJlj t 4j V, j jj, I 4_____!1 j___J (__*_i_jj| 
tdjjt-wlj (jjjJI ^LJjlJIj < JLaJLl I j j*i ^ (jjjJI tj^---LJI (_-— _ (j^__ J— o— t(j nU i nr I 

^J-Jl IjUt) L__ JL^JJ ^ '^tl t Lt^LOJW IjlijJJ (jt t l^J 4 j mi M r ii <___! 4l>JLl ^L-LL J 

(____ (jl-j^j-j ^oJ J-L_ Jj— >• 4jjLl_JLI jJLo __Jt jt_J_-Vl (__ic C__jJLl jJ_— »JI (j-a 
lj-4-^L-u (j-jjJI 4jL?c_j-_S/ (^J^LJI J_-__J1 t.^ < i ii m (jl (jLg-L—Jj i JLtJ J-4___La j_5_j 
JL>J| (__A UiT *(_-itJjJLl (_-_j_j_JI j_*_*l! 4j iaJLj . 4 j <tMI 43j__JLl ^-JL_u ^-9 

41^ ^ 4 jitll- 4jL>JL1 l_JL_T ^j-iwVl L-Lel ^".^l ^ j jKtl ^-J) 4 , ,,.,_.JL 
I*jl-___x_J 4 j<jj— aVl 4 j \_«^>J1 jjL-*__i ^-lll iScience (^JjJI) «(j^JjL-t-/» 
cjL^jJI La\ Uj__1j IjL___I 4_lcJL-JI cj>A_>JLI ---jl t-Aj «(^^hJaJI 

JjI jl (___ (j-CJj .jl__>Vl j. ui> (jJ-c L_>j___- h Lo 3jL__ 4J_t_~i (_-_-ij i3jL_*lil 
i__l mm*sI jLj_-i CjIju jl_L_ :Jj->jjjj_JI La !____- _j Jl_>. i(j nWi < n r ! j ^ hi 
4__1 _l} c__LL_j1 j 4 -__/1 j 3___ (__!_. jL_____VI (___ ^-jjJLI (_-!__ 4_<uj_s 3t j *_ 

JL_ «(j_JjL___)> 4 \y a Cj !_?____> (__!_. jj mi *rU Jt rt <vlt Jjol_J1 (j-_-Jt (jl L_>jl__La 
Jjl_ 1 jLij S4_j_*jjJL1 4-ju___J1 jLj-d-I l_)j-_j (j-o Lal .__jj_uVI 4f> i n> (____ j-^J- 



(oJbUI juso (djj 


(j! jL-J__L__9 t JL_- (^l _-lcj »<- «JJ "kJI £JjL_JI L--->L-lc _L__3 $L_L1_ 

l_1jIj_ l ^j^ (jL> « L_L)> 4_IL_j l_)j____ jl_l_ tL^ujL-j (j^-4J V oLcLtiyi ->j_- 

(j-OJI cloUtl __J1 Jj~u_jlJ 4jjLo.V1 ^^-C^ JjL_jJ ti^jJJl 4_v.L_.1j l___jJJ 

. ^jlJal mm<I J-*— J < * I hiJ _-l_ IjilS 
4___>_>» (j_o _>-oL_- ^j-u_j l-_->.j-4JJ < ^ _j»U , M jjL*J1 _--_-J 4 4_j1cj 

<_-_)L-J (jjjj_>. JLulj I "^LuaJ i3j-_-lj Stj-alj JL>-J 4 V (jL__ t«_>_-jjL_0> 

(jr^al -r i^tl 1 j n "i 1 1 *_>J-M _>-Jj " i fr (__Jj-jj i*Lu___Jt {»J__J « L_j L )> 4JL_*j jjJua 
- cLol ■ 11 l_1_Jj I (jwQ (jLljl (jL__ * L_3_LjyiL___4j 4_j_itjjJ,1 3j--__-__J1 4_l___ Jj-__J 
(jj____j_>. j-£ j-a ___* (jM-4-JU (jrt-t->. jJ j j *y - (jj "t j J > c_oj J <i jjj j£-_L~ , \ t nj_ 
_ _)-uLqj_j _-jL_> 1 <i <j * <i j i _)j_____j j-ut> 4 tji H 4 ___t ((L_jU» 4JL£jJ ^_jL_J1 ^l ir> M 
j-^j-a _-__. L-jjJj JdOJUj i4LujjJ-jyi j-_>L>JJ J__-j-jl_____jI ___» Sj j i ^ _ Ljj m ^ 
(jL-j i(jjjLa J-j_£_5jJ 4__jj__L _ya 4jJl_Ll. 4 <iUj (j__LIj t^L_-a__U (jj-i n >j_>. 

i(1j-_") j_jjjjj <___> Jj * 4 t cL>. <___. 1 j >jJj j > t^rJLd 4_LJ1 2L*_i- tj-tljJI 
t jjj____jLl_ j 4_l_~L*_j 4 jljl- __ll j o j<t L ^JLc _ jlj jjL_i_bj _ _ v __~L>J1j 

(J-ojJ— >—l (J-ujJ __- L-JJJJ J TL-C 4_JU3_> (j-4 L_3j___U ^jJj ♦ J-^J - (J-jL___JI 

.4^_jVl _LpJI _-lc -J_Vl f jubL I (j-^ J-i- -UCLA 
i4 jVjjJLl 3j__*___J1 J-Jbtt_u ^l__x__>l _5_U1 (Jjjj-.oJI cL___c.l (j-4 __aj M> (jSu ^J 

(^) ^-fc-Ul L-j miII ^j ->4-J 4jj_;J 4_^£L>J1 (jwQ 4-1 CjIjjI «L-.L.» 4Jl£j 

^j «> > ^L_-___*-i JiL_- (j_4 ^JL-Jl ^j-o-jj --4 (_tjJ1 organized skepticism 

♦ < iiu t,1 (j^j^r <i**<n tL^Lc 4_j U" 1 1 — JJj L_>jju_a_>.j i^_— . I^J.1 
:(jL>.L-ui Jj-> _--Jj m in 4J-*_seJ (j^Jj-fl __fl^__j -t^ mm i ii I ij-/_jjil cL^jjI Jjj3j 

.( V ) «4jjL_ jjlL 4jj| t JUT) 4jjL«J1 juJl CjLL-J^I (jj» 
4j_5c_-__J1 ___j j__jj Ll_L 4JL_j CjLcI y\ 4_cL_ (__- ^ .nj ^JLc J_? 

(t_;jj-J1) ^Lojj-'! _>->j<-^ Vj iCjljJu-j Sjuc J-l_ c_jj_>. _--_JI 3J>-i>-jJI 4_j_4^__yi 
i«jL_JI i-3 1 u i "i ,._*| __u L_al ^J_-_.t>) 4ju L-k__>j _$jJ1 (Cold fusion _jL-J1 

r McV1 J-L_-j (j(jVl Jj^ l^jL-IJI _;jl__V 4JjVl ^LjJJI oj^uu UjlU. 
Pons o-jjJ (_^L___ L-a _ (jL-Lj o j< ^-cjl t ^jLs j^-i _____■ . 4_aL_»J1 
4_>- j- jr^ tijjj ^L-Jul jjI__ 1jl_>L_ U_$jf - Fleischmann (jl o ttA* ^jjjLaj 

^J- O^^La djLC j_Lj ^yUl Sjlj^JI CjLj-jJ _-_ (j-ioJj i4jjLJI 4__jJlJ1 3jl j__- 



j-4 L->j__u_Cj ^j-u-o—jJI J-*-L l>JJ-J1 dJU^I L__jL__C L_iJL-_*J (_--Jlj i4j^_L-c 

Iju 4jL_a -__uLuf ^jla (_-JLcj • L_u5 4 j ij^jjjL-i^JI JjLlII ___ _JJ_a__j - ^ j ' 1 1 

L£ .-JaLLaJI ^l j nj ^JL CjljCjJ 4jL_JL_J tL .-jLJI ciJjJJl ^Lju^l jl 
UJ jL " i m c jg-Cj ~t 't a Ij-jL^ jJ L__> S^^LL-JI 4 iii ii v jj^ mi *iU 1 JLj 
^j-u-J-) jL_> (j-jJI '^Ljj 4_____-jL> C_-aL_ (jljw JjJ--> *-^J j^i flj ^Jj • ( j-U^-_L_5e_-<s 

_£j-) j-4 JL^- _M _-_. (j-uj 0 " (jgji mM i ii I ( -i ^J^ (. L-L^-LN J I ^_u-9 (j-i!j_4J 

(j-4 Jjj-4- cry»-J 1 i r 1 in\ t Magaziner jJ^LwL. I jjl 4__o___J _j_ J _UJl 

ijJLjjL-wLa . Lgjlj m V - _,__ (^JjJJI ^LoJu^l l_jL_j_J 4u_*L_>_r_M 4_aj__>JI 

<nl l ^^L__-Vl Jj-_v (j_aajVl <"m \ \\ 4_xjLj ^jj_*__U 4 t j^j -_L_>. (j-ulju <_£_uM 

j_M 4_cLJI» 4jjbj--JI (j_4 jlitj _? Bjj_-__j _>_j->-)j-UI jj^Iuj ihealth reform 
... jjJjL__*j (j^LLJI vl oltll j_* ___V _M L-lLub . jLLJI (____ JjJJI 1 ^ " 

. « Ju Jl>JI ^c-L-JI I JL^J. . . 4jj Lu Cj 1 ^ j ^ jujj__j 

. \ i r>J_-_ . LoLjCU ^eJL-JI (j_Ct jLcJ JUJLaJI ^J-tJI 1 JL-b jl JULJ L J * a j^-U JL-_U 
^^LojJI 4jL>.|j_-J JJ>U ^J C-U_5- i ( _ T J--_J j-_*j _-lc j-£ <LJj_M 4_J_Uj__5_jJl L_fijjJ__JI 

Jti\ ^LuJI jl ^_J jjj-i^/l jrd--LJ1 ^LjuI .j-AJJI Jj_3 ( A ) (^jSU-JI) 

^JUO 4_CJ-C-_SB--1 C-JLLcI Lo jL___J__u i L^_jJj ^Luap L^-l jl Q ni jl>J ^j-oJJJ ^yc jl 

J_xi-_ JJuC- __j_>.j (jjo ^_C.jJl (_-JLcj . 4jjja-^n 4jjl i » ^L-j (__J1 L^L-ojJ ( Jj_--"_ , l jij 
^■L-iJu^l (______; ^__^jL_rt__»l jjj_stj IjJlj Lo j-J jJI i^j-jJI jjjL>Jl ^LcJjlJI j_4 

L^ i4_j___oj__tJ1 _> jL_b j>L____t jl_Cjj J^L-JI ^.^Ull ^L_4__v*^1 jL_3 * jjLJI i£3^\ 
^LL-i-i (j_c c-__t_u jl_3 Utah _>Ljjj 4^j^L>. j_c 4 .^jdl 4_JjVl ^jLuJI j! jl£jj 

j! (j-JJ 0 ^ UT I J-xuj-*JL1 (j--i>- JL-ij . 1-^jLLiJ Jj -r i iM (__j9j 4jj__?__JJ j1jL_cV1 ^ 

5jj->l_l_s (jc ljilj--i j^LcV1 (___e ^L__ju"VI jJ-__>. ^.Jc ^.j «Mt ^ ^ T" L^ILcjj 4_*__ljJT 

. Juu \$~ir ( ' i fn ^aJ 

j-4 J_lL_-iJI (_--_. JUJL-*__JLj iL_)lj_l___. int LlLIj JL-JLJJ 

Jl_ t^JjJLl ^Um (j— lc 4_<.^ Jl9 4 1 o"i ~_a SL_- -Jj-_vj jL>. t jl Jl o"i"-l Jlj> I Jrt tj 
4_______ j-£C_L_jj l______lJ1 (3jj__- t ^Jj . JjLJI ^jjJJI ^LaJLj _*1 4_j _____>■ jjSu 

j-Lc! Oj-S-C 4j>Lj J_l__ 4jL ^Lj ^Jc ^.Jc IjjL_T ^jI Jj iJjLJI ti>jj--Jl ^LsJu_ f 1 

l-jj-o- 1-4j_3 Lj iSL- -i>>.j e-JI j j uij ^jJ-.! structures (____» ^-^L_____l ^LUJT 

Jj_>.jj! 4__jJL-o L_Jj___5 4_Jc j-l-C ^j-.j-j j___^__-- Ji-L r.ri mi " <1 ^--Jl nltl 


pJlaJI j-i.gj (o$j 


(j^-> »1 in irJI _-£> J t rtlLj 31 j >■ JL_>.jj Jl___ 4_j! LU- >>> _. j*j Lc_4 i 4__j___j _]| 

_jlj_J j_L_. t fJL*J1 *L___i ^-_*_> ____jJLl ^LuVl _»JL_. jl mm )1 J_~J . L-__Hj»!_J| 

*l___i_JI j— >J _____ __JJ -___.L___VL 4 j ^ K j 4_ji_>.L->. Anders jjJbl 

tL ^3_Ll!1 J_u>jjl j-_*->- __ic t"U <_jLs_jV1 _>~ jl_jj_1^ *1ju>L MilU 

oL_j4_, _M _____ l — «. i3L__o_>. jj ______ SJIjJI _, iJI l_J_Lj _J tjij _J_-!j 

_-Jl ____!_ <_--Jlj *<j__j_M c^-~- _L_l_>J1 ^ J_U_I * contaminants 

. Lo 4__uj__j __£>J>jJJ1 j_-e_>J1 J-*-l J 
_)j_<uL_Ul *L*_L_J1 j-t-aj .__£j_j_JI J_->-Jjl J-^*-"** 4 <rtn ) ^Lj ^cic _-i-- ^jj-Jj 
CjIj_l__j J}L>. 4jjJj Jl o" --1 Lc,L*j ^Jbjl m r I ___ ____jj_U j_a__>J1 4_<__ljJ _-— - 

L-$_l__ (Jj->- _r--1 3j*j ntl J _>__>. jl i__jj_L>J1 c_____! 1 J-jJ_> Ji~1_. J_>---l -oL__j 

_tl 1 1 "i < u\ _)_« ^£-_-4J _U_ _)_o ^i-jJI _j 1 J . 4JL_>_ f<j jy-^J i4jjj___jj t4_v1j V" ( t.l 
i^j| n r Cjj>]__ --<--*: "I ^--Oj ^ ^ JS" IjJj-j Jl-___ 4 LaLcj (_J_J_J| _vQ £j-JI 1 j_A 

_4_- ___J_1 j_i__ * jj_____U 0) 3jl_>L_J1 CjLjjJI fj\ 4jjL_L<s (_jjL>_) ljj->*ij 

^l J_____<__1 _)J .___-_jjJL1 _J_j-_uJ1 j_*__>J1 pj _ U j L*_c < i*^" _ . 1 ^ i ii <-n CjI jl «i t,U 

_--J .4 J 0 lf 4jJ_>_ _;! _y>5 I J i iiLujI L J__U ( 1 ) <(4__uL_L_J1 J_>Lu _M )) 0JL_i 

rLsju _ I jLl___1i> jl_J_>1 __£j_U]1 j_-__*JJ 2__ajL__JI 4jj_3___J1 ____-L? t 4Jl_>J1 _ Ju_ 

(4_iitjjJLl 3jJt___JI ___ _)j__wLJI jl>j I a 4Jl jL^l_>J Jjjj-L _)__ i«_jLJ1 (_;jij_J1 

tj J 1 m <i"T1 _ > __ J1j__uJ1 JJ_ _JJ_ JUU _, 7t l*ij Lojl . j-Jj-ll _V>3 JjL__JL L_JJj __j| JL__- 

.4jLl_> _rU ___5_Jj_ll j_ae_>JI 1^1 <fy--j ___J1 4J__M «__-__4» JujL>_J 
JJ_____4j I , V t a _"1jl_v ___l_=____J1 j_4jJJ,1 J^*j (iil Jl___3 idJJ jJj 
._)j_SJ1 vL_jI (jr-Ji (j-aj-l _-__: _*L_>JI J___ L) 4 nlt*ill _>ual i^lL 1 <i t ii a j 

SJljJL__ Cjl jj 1 11 1 J o*i ' <i j ( mj i ___ _______ "_1 JlLo jj $ <~< _; Jua _____ Jl J_>J1 j-™u__u1j 

3j V ir>U ^jl _-!_- _)j____l_j J1 jl_>JI _JJ j ___ _r__jL_iJI frLn_LtJI --j__*__*- t4jL____ 

^JLSJj .__J_£__-J1 LjL_V ^ U< 11 _____ SjjL-C. __>L_L_>. I _)_4 4_]_1 J^__>J 4__L_3CJjJLl 

_y3 j_J__J1 LJ J <i ^*j 1 11 4___l__- (j-Aj t J_JjJ1 1 Ju_ ___-! i^a Jj_%- LoLu _)j__Li_J 

. L-jLSJI IjLA Jj___£) ^-14^ __3 J^Jj) in*i1l 

-_JJj __-_ _4-=.t ci-JI (jLuJI ol- 3 *jm!jJI Jjl>J1 Ijla 4_5__a_ ^ jtx;ti _>__Ujj 

_-a-aJ1 j-a_->JL1 _y> JS* l^y^" ij _--II 4__jjJaJI juL Jl_ (jiiUinr 1 j^__j _>x ^-^jJI 

3l_x__ _>_. ____t_JI UjlM j>j-JI 4iL_uVl _>__ 4jL>.V1 ajjUJL jj_^j>J1j. 


£j jaJI ^-Lt SU> o« £t*fll 


*i___J_ 4_uj_> ^J^» U ^LLut (jjt t>o <Extraterrestrial life L«Uj (j^J^t £jU. 
c__Lf> ^tlj-w tSLt^JL o^J\ -um Ja SLjl__j _>___ J44 ^-lc 3L^>JI 

_>__ *LL>.}Lt 4JLJ9 L-tLc jtJjuj (^jdl Uj ^L^-Lc <____*%jajt LuLpJ 4^jl im SLp* 
SLpJt _)_« CjLLuc. t Lut^.MiTr a _-_*> *J____1L L__>}LL-1 Jl o ,**„-> 1 4 £ j*i^-. <j) 

Jj_>. j j^<Vifl ___■ 3 V mjIjJI L__j_L cjj_xc ju_ _-JjJt1 _-JLc 4[nXr*\>\ «Ujju-II 
Lyic. *^-uL_» *>U>. _*j>-_4 ^Lg-JI _-_*> l__-l fitllS\ <j__ jJoJJt _>-*__> iLU__ii]| &jj*> 

JjJ_J .c-JLiA LJL». 3jj->.j_a *>L_>JI __i_j C_jL_> q[ lP-*" *4-aJL__ (jjo JJ>ll 

l_x__> J..tj» :_£ljL_> 4jl-«»L>. (jh« u-_>lj_iJ1 ji. 1 ^ >*j* tOwen (jjjt ^Ljjj 

3t j nrlt *L__/>_3&-X ^l.j 0 j < 4jjJ (j-aj Vl J_-~ L_i__j_> _)t __L_ _«JL_*iJ J-J_ Jjt 

3jic__o Jjt ^ jj>y lW-jJI I Juk <jt 4,rtj £>. oi - Hfe-inducing chemistry 

**>L__*JJ *Lulj_- u_jjJo jujjl _,lr L^a-4 C_-L_ ^pJI 4 j rt-fc.ll l_Uj _>jo v rtMi*i*C*t 

3L_>JI (jSo ^J t prebiological __-U>J _ JJ_ L_oL__j 4-*j <jt Lu___ <__j_u 
(jt J^., " , -n . U (j-»-_*i ^JLJLj ijjjlo <jj,j J^-a _,__ l_j_>j--« oL-_* tL$3l_ 
jjjJLI <j-A JSL 4_^_j_j_AJI t___1j_JI I i^ijt Ijj--^j-a <j--* J_l X itt ,_U_ 

<jJ-J1 I i <r> t t i <jL_ * *» (j dtn Mt,r t J t » ^jM^-CJi *U__t ^j , 4 __fl _>_>jVlj 
*_>JjJI _>* u-xjj__ (jt Jl_la __S i_>__j_M £jL>. ^L-ck Jj-^-j (j-^4 ^---tjJU lj_A_ja 

♦ u j J-Jj LLjjJ ^jiCj ^J (jSJ id_>j_>.jj- ^jj-SCj (jt (j^ juV L^j! t> L_> 

.«JJjJI Ljj_-_ (( j^l L-t 

d j o r Jb*>j MjjJI j t( >*ti>i* lA^" 1 ' j^*->JI u_U Jl_* ic-JLtj (jjj *iJ_U->y Lj 

JjJ3 ^j-A 4 jlf t-Jjj-C ^-JtJj-A J--3-J>- ^t J-4-C ^--Lc -Jai t < * ot 4_J^L_ ^jjO jJ--1_i 

4J _ JjuaJL 4 rijrr < k 4-uQjt (jj« *U_%jj-« 3j_5c-ju_J JU>-jJ1 JLjII Jl*j tc-JJjJj _ 
Jj__j .(j__jVl £jU- 3L_*JI ->J>-J-J AaUlLI 4 <j a\ irtA (jc UUj 4 1 fl**u i . a 4_tA__t 
(j_aj hl\ >\ rt*i n*i t4 j o aV| jJL Jx., oij (tn<i*i -r j JJjil ^ J ^ '^t l j ^ lr>*> » *(>ijt 
i(j*_*jVl ^-ic LiA dU_>JI U_c- Cjtju ^-jJI 4 jn^tl c_i_J Jj*-_- jJbJ . UU3 4Ju_^ 
**U__i l^!>Lj £ , Oj i(LujJ jL»->.t ^jLiit j__v__) *4JL__ crJJ^ J^ 
jljuj < J^SCjJ! ^ L4J 4__jLJ1 ___;ij£J1j ,7,11 4_j-_ cjIjl» ciJJI C-_jJI J--J 
U-Uj 4-_uljJ __fl tjuj (jt J*t (> t jjj-lt ^JI SjjjJI j_B->. 4j-*At *i_u_-_>Jl dj-A 

♦ «4__-_u c__-j_-JI _-_-- ^JjJ-II Jf < ntl 



(jls»jVl j TTi ,nS La-Lu i^j^l 4j1jJL-J ^jJj^ J r £->^ «hrtl-rj liU 
,(>Jt ^t t 4^jVt ( u ) 4^j_£_!1 4^JI cjjt jOJ SaJl* ^l 

^- - - «■ ^- <j_SJ ^-JJ <u>-*-«-J1 I fl «ntj <jj-3j 4_j_l^jS/I 3j ^ j-L-J 

t 4jLuic^>L r ,A ^ Ia^a ^ihJer^t P T ) 4j>i^l J^JIjrocks jy*^\ 

jjjji (___$ ^ «.^ j__>j <(_£-__« j a j" ' "Jj ^ Jj-'*. ♦^rosion 4_ij_l_JI CjLlLjJ 4 j~ \ 

4j|__*jJ j-jLJIj < L^jj-LJL^ 4jVjj -_jL_*jS-J Ames <jju-«1 j4>* cr^ J*^ £=v^ 
Ijla (^LSLoj .«<j__jVl (j-ic 3L->JI L$j_s cjj-$1_» ^ylll cjlji-JI cdJj» uLaU» 

C-f>j>jJl J**«JI 4__JjJu ^Ls mJjJI Jj>-iJI -_-L_SJ 4j1jJ_ ^Lud 4___jj3 V ^jJI) 

J-3-J (JTU 4»JLi)i jJI 4_LL4jJl SjJL-JI tn) t^4 inrt \ ^-_-Vt J-4-5-J (_$jJlj i^-^JjAI 

SLpJI 4_j_- Cj j_$l-» (j^jJl C-djJI jo i^T) Cr-^li i ^ LLU CJ^^Li - > Oj (jj-J^L V , A 
JjJSj 4jU5LcJ C-jl_- ^LlL ^lm\ __ic uijjtj mll j-ju>Jt CjIj_L_u)) t(j-ajVl _-ic 

^ -r iii jljjJU l-LI< 0» t^LSLa Jj__u . ^jb jxj Sj-j-b *L_jt __-_■ JL____>SLI ^ s 4jJ 

4__j->Jlj 4-jj t*itl (jja j J_3 -j_>-jJ IjJ-U t4" mL «(Jj__*_<_JI j-j_>J1)> CjIji mJ 
4-*__- l_1_j Cul__" *1j-ujJ .«^y-aj^l l___j-> ^-ic L^>L-U (ja j-a-So Jiit 4_uj____J1 
^-JJ j-alaj j4fl i^y-ijS/l ^-*_- {ja j/iCj jJlloI 4^_m_>. jjSo (jt * jtJjuJJ 4_$ju jt 
4jj V mtl 4____J_JI c-jJU q\ (j->jVl ^ c_ol__" ^-jJI 4_j_Lv1 jJI 3j1j->J1 jjLua-« 
4ju!u 4 7\ iUII ^JlA jjj3 L^ii^jul ?Ljtj . 6j2u\-la 4j_c->jS/1 3j uilill C->u 3jj-*-jII 

3 j.,-^ 7t tl jj_3 ^u^a-ij 4 injVl 3 j m< Ml ^ j-Uii ^L-p tsemi fluid 4jjL_-JI 
jt o-cu-Jt .ni t .j L^I_Cl>.1 f L£it ^-a JjVj luLpJ 4 i.Mia iL-^jSL! 4,tUmi..1I 

jt >LwLc t 4_L-_)jVl 3j M.rttt 4ujjj£JI 4_^j->J1 oliJt (j> JJJJ • LjJLo J n "■t L^LjjO-- 
JjJ- (jjt (j_4 LLoj-_5ej Lxwa *3 j i^jVt 3j i* M t 3jj-iuI1 jjaaJI ^j-lJ ^-JJ t>L__wT 

.4jJLc. MgjUn JL- 3L>J1 jj>.j ^-ic ( 1T ) tijj--vt 
CjrJJjL 4_jujt jt 4jMj Jj_3 t 5 jjUlII 4 najJI L_)L_L>.Vl J>L>. 4_t ^oLu (j-*J 
J- j i^J 3Lu*JJ i** ^La j-L-^t JJjJLl jrUin <__ic 4-!u_J1 CuL-* * Jujj jt £^uu-*A\ £y* 
jU-l jjjil j____« ^.ic CuLb 4j! jjuj * Jj^JlII l_Uj ^j .(j^l JUJI 4-tic U-4 
cJlj La i£> \i <j\\ j Vmj jU__«I JjJo-A t4__iL_-uj 4jjL>. ^Lj-A CjIj <Cj1j j tt 1 J 
2L_>- V I jJx^la jJLu (^ jJt L r -_Tj_JI *U„. ^.ic 4_*-J_JLa i_j^l 4o_.L LkjLjT 

tfU i^SUo)» ,__-_ 4i_L_u .L^ ^t o^l cric Jlj>jj M-3 Uf ^ 

j-flj-L__j > _r JLj jLitJ ^-Jl jj_J| ^yic JjJte-U 4-jrU ,,i ^-ic (j-*-^iJ JL-tL>. 


(j-A_j^L> 4_* i__u 3j__~l___~ £_i_ol _J1 C_1___»J Jl__j% :-Jj___j lIU j (_£___<» 

_/u_JI i«L___Lj» 2l1L£jJ _j^__*jL_JI .>> Ali ^"i j^jJLl _-JJ j a '"(j* 4 ~* j 

- L_iJ3j__>. _ Laj__j ^Jj» :t rtj i^ng i \ W\ ^Lc j^JjJLl ^Utn ^ lr 1 " ^ j * 

*«_____> 3Li_- _>_- L_^lrt_) ___ j____J| ^jls-j 


j i j»Lc <i^_SLjL_» 2l^L____H ^-x_Jj\1 l U ^"tt ^--Jtj <^uj_4_J ^ j ■■■ j - ^*' Sjj-__)t «__& 
__!t 1 j m r _L_u ___ltj * Valles Marineris __»_£>_( c?-ty 1 _,o mi canyons uLj->j- t ^jJ-— * 
t Y Y * _-Lj u?— ■ ^3 - jrLAV>— C?9 Lii ' J J ^kwj^- _j_-i _p> j-_ V -L__jj tJL_al ^ ^-l 

(«L_^»;_r_>jSjj__')_»_>j 5 _l j___> d__.L or - 



(oJIaJI joJLipgj 


ulijr lLsLojJIj ^JSLjLoJLj ^ • >\\ _j_l^La-_-_J1 (J_1j_-jJLI _>*> d aU- 
J K m »I (j-A (^l -J>-J Lr- - *" <J-!-- I t "1j-J 4_iitJjJkl 4_)jjJl _yo SjjJLu» 

t 4 i > J-~ __)ljl____l 4j1 Ijlj Lo J j_>- jSLJJ ^Lc-i-JI <j-« ^u_.jJ1 j .3__j__>J| 
Ij-__- JJLjJ ^JjJI jjj-ll jJ_____ _)l __JI j___j_3 4_j£j_$JJ 1_^jJj_xjJ1 JjjJ-- 

^jj-_*JJ J___J_1 L__L-______u1 _jl ^jj^ 4___JL jJ-j" i fijj__T j ■ mijj .3Ll_>J1 ^j-a 

JJ->-J er-*" *** <U J-J3 3L_l_- -*>J->-J _y_ d__*___> 

l__1 mi^" ( n _* J 4 T- ntj-ll »1 J Jj____il _)l )) : JjJLjj i^rL ntl C__>-J ^j.-U 4_jJl__- 

Jj ^ Jj , J->_- i4_4Jj___JI C—llj J >■ 1 tl _)L_L_J__ ___- ^JJjJLl 3L_L_>Jl 

olj j -r jtl (j;jl_wI ^L__ L_u__jI ___> _-2Jlj i-ljjj 4-)*-jj 4__j____JJL1 Bonneville 

___J Ju «4_4JjL__tl 3j_j_5__JI j__i___ 4__j_j__>Ljj 3jL_j___ _j_J_j /J _______ .4-sjJL-_JI 

_jt_m j__ 1 jla .____>LU ___ I ^j,*v tj _)_£ ^jJl creek j j _itl ^L__ __J1 3 j>_-f_l j a 

(Jj_--_J .«3L-L--J1 _>__ l__5fcj (J-3J-M 4_L_ J-_J>_ l-_-_j l5-J1 

i3L-L_-_I 4_jjL__4 4_i-u __JI tjtjjJLI iii _-]__ SLl__1J 4_*jj_JL1 ___jjJ_J1 __jj___ 

~-jL_- 3_J__>J1 _y0 4-JJ ^ T <l J0L4J 1 _Sj___»-J J_J__-_j_J _)1 I _--J1 L-Jjl ~T "Jlj 

£jl__j .(«LaIjJ jrj_=- l^jlr _iij Vmn» t^-Lo (j-*_j--^ Jj-2_>) -alien life 4_l___>j Vl 

_£ I _>_- l_J__JI 2_l_>j_j- ___} _»ju_ 4 j <^J-M J^jl-J- 3L_t_>J 1 __i__ L_flj__ujJI 4_l_iJ___5 
. _-i-JjJl _-_Jj-t-JI jJt_>Jl Igjlr (j5jJ-ej __H1 4jj Vl Jj_>. 4 mi^LLc 

-Jj__J _-_J1j t_) iiU mt\ £y* J_jLuJI _,__ __-___,) ___J| ^L__J| i (j-w<JJ 

4_juj ( -_t_>u t ) _) dU iii r 1 q-a j____-C. _)_w_il luJI __£t «_)_uJjI __)) 4_i_5__va __£> 

^ J" ' J0 L^J--^- 

LjI j kjJ __--j *cjLjjj_-J1 _yo globules __Lj__' _____ 3j^J__j__J1 l ^j__1_>J _ 

t^jj i fitl_xJl _p_4 -— lj- J->° 4jj *i n q _j__*__j__> _*1j _;jjj__J1 Cjlj^i _y- 4_u Ju_o 

4j__- ^jjO 4_jLIL) JL_>-lj J-5tj -jLjj_JI _ _L_> J____iuj . ^-j j ( (i j j \ t,l j| t JLjJl_>J| jl 
J-llj 4_>_-jV1 (j-Lc-J t3j « ni __^_5j__. __!__ I ^jd _^ I ^-*-3- JLJj_J V _-jJ1 .3j-i_---J1 
-V j-> j_«l J-Aj) oLjjjj-iJI _yo oL_j___j_j 0_L_j_>J,l ____5 _) mj t*> ___J1 c_jL_3 jJ_>JL 1 

_) jjj£J I j j, „< f ___!__ jl__. 3_il_L___j _-u Jj_>J 4_jJ-^__tJI _>ji_b _)1 t__j_>- i LJ 4j (.iitL 
i(_4JL*__-l I i K oj __l!1 _jjl>JI Jij__ Lii£j£ 3jlj_v 2l_*_j^ j-£ijj *_>*->jVl j-w __!_. 


gj jjbJI _--c SU? ijc ■*■■*■ M 


JjL>JI jJjjjt-4 £j->- _g j U i jj . 3L_u>JI e_>L_L_- ___) UJ-— - CjLjjj_CJ1 ^SLI 
cJjSLj t__u_»j i^ILo : JiLa 4l \ r r*T (_----- t(__-*Jj-U ___j_jjJI j y -*\\ Jj-> jJjI jJI 
_-JLc _Oj_>.ji1 l_3j^J_JJ 4 m 11 )1L> l^jj--) 4 j < t j _£_J1 Lo S_JL_> CjLjj^_CJI CjLj^J^ 

L_J__t J* a < JjL__ *L_* jj->-j (_--» oLj£j-£J1 _-__* c-jj_o J__ i ! jujl_>_jj Sj_jjJLl 

S(j__jVl __ic Sjj-k-jJtl CjLjj^SJI 

t4__j_it_jjj,i 5j_-5-_-__JI ___• _oj-_>.jil cjLjjjSJ! cjLj— _> *1j__>.f <i ^ (___- _ 

Cj L jjj___j j Jl_j_-$J I ) PAHs ( U ) _-_-___ C_L_jj_>. _>C 4__4_1___L_UI Jj^jJ-JI < 
4_pJ| CjLuL_J! L_$_*J__ L» 1j_j!£ <__J1j t (oUU1l SjUJLC (4_j > LulJ!) 4_uL_jj_I 
j j r CjI jU c _>__ gpJu JlS CjL_ijj_>JI Cii_ _J ^j-o ^-ijJI <_-J^J * 1 ^11 V* *Lut ___> 
PAHs CjL__j3__>J! (jL-i i4jj______JI jtji! L_£jj__j ^-JJ 4__jLx_>VL *4_j_>.jjj_jj 

(j? |j,g.<>> Lxwa tiineven cjjL___~ j-*J _-JLc 4__jj_* cjLj_CJI J-Jj -o j_*-jil 

. _»JLA L^l j_j_jJ C< Vut J_3 4_L_i J 4_l>. CjL_-1_> 

tj-L_U _>_- drLcjj cjIjjJj L_i___j! »1_ o_LtJI jl_>-j tO_jjj^-£J1 __iLj__> J-J_ - 
iiron sultide jujl-JI ju__L_j iron oxide jujl-JI ju_____1 Lq__>j <4j , jkLutjl 

t_>__j _*t ^__i_- J . I JL_k 3j-JJ_-__ CjI < n jUl <t fl _>C 3jLj__ L_j__)J_>. _-_ ^yJt (_jjJ1j 
j t tn*il I ^ a, \ V*j i iMj <4_$J mi a (j_L__4 -^j rm*M Lj-T-LJI ^jjpt j^t i ^j-__3 
_>C L*i -r ) tL_j__I_> £__jf I <j i n <T» 4-skjj ^LjJLj t«J_L___ f »j «__ic_'» £>__>•_ _*l 

t j . J << ^L-uJ c__J___-jj .0°) metabolism L-^j^ n " , nV 4_4^>Lo jJlJil J_o_i* 

. CjLjjjSJI (jjj-kjj 4__4j^U! L_il_ ^yja 3 u>i<i v Jiit 4-J_j_j JLjJL>Jl CjI, \ j rtLnj 

l_4Jj 4 j < <i jULulLI (jjL-Jll (jl (— !J jj /iij oLjjjiCJ! J_-I_i L_>jij_>.j (jL_ (^L_JLij 

-___aj ____ ^yj n \"i V a ( j^j-_i_-j-4 (^-J-C C_I___)L>. (j-jJI 4_l_>J! CjL__L__I| Jjl-oj C_jj_o 
.(jlaj^l (__ic !j-i!i5i Ljj_u_LJI Jjl_J _4_i* tC-JjL-iaJI , \J ■ H *i 

cjLj_C rims ___•! j_>- (jt 4jj_2J! 4_jjj^__Liyi j_aL>JLI c_j_4__>t jl___ t lj-j->-t - 

(^UIj t4\i-j_3_j OYOlds «CjLj <>> ji» ^yjkj (4____j___ (jJLj (__ic (_gj__L>o CjLj-JjSJI 

.(j_sjVl (_-JLc 3jj_>.jJLI 4_J_>J! 3_i_x_>. j Lj_p_LJl ^ljjl jJLuat I ^ K m> 4 i <V> 
__ic 4_j_>Jl j.|j_Vl jJLu_t jru (j_o JLju (j-HIj t^_*_>Jl 4__t_u__JI Lj j*i^. ' H ->J-AJ 
(__Jt (j_« (tj_>. j_4> (jjj.^jllj .microns CjLjj5_jiL L^Lc_>.! (j_iL_3 i LLi£j_^ j^Io 
e>-! 0 * 6-« ^L_1__jj .4__oj-JI (j_«* ^-Lc jujj V L* jt t jJU_Jiil ^ 

Ljj< j a L-gJuo SjO-ljJI (J-sj-jC i-L_) _—jJt «4jj g 71U Lj "^j I I)) -JLA (j-o ^ * * 


pJLnJI j (o$j 


Lj j".^ .11 oJJt r*^—-*- j t <r» j_~j . 3. V -_ 1j 4jj <**it 3j t i"i j___3 ^ U t "< I il_L_— |j 
4 i ii o V t ^yjttjjJLI ^j-jill j_3__>J! ____ _Oj_*.jJLl C-Lj-L_i_L±_l j-lSJj __$_ i4_jjL_>j_M 

» < ii t 1 n 4jLo __J) 

1j__jL_i_ J _>JjJlj aS> jll IjLA pr^jl m.U »1 olt t l _>-o jLa-i fJ 

*l_L_- _-_jl (jjj _ya t r. n*i 4__jjSM 5LJ_iVt <jf _,-_ i4___3_JLt jJj ((^L_*___JI J-4-JJLI 
1j-L£ .<_____ Ijju lj_«L__ _£jJI ^yi-jjlt (^j-jJJI j_-c__>JI 4_4Jj_a 5l_j__w 

_ 4_JLJ 1 jj^__JI _]i__- 4o_-l___j 3jj£_Lo 3jj___u ^4j_jj_^j_t p*r j i nj _ ^_L_ ^J-C. — - 
Cj jl_>.j . i S *a 1 3 __»__>. jj__>.j jijj (j-4 g-L-J (jt _ >*^ <u CjLjuj__J1 CjI t iij-3 (j U 
___ 1. jlrT j___ JL_ 4j! j_>-j-1I (j-flj iL ^ji-l <u£j_u jL_t_-| ____. PAHs _jLLj_>Jl 
tc_J _JL_> 3__j_>. Jj__wj (jL___J _£? ___£. Ju (jl (jjj _ya iL___ui ?1j__JI (j£J »1 <^> ntt 
i4__ia__-4 4_ajj ___ C_LjJj___1 (j_o _UJL>JI , tj nl i «j (^) C_a___>_ll (jj-— LoujJ 
(jjj C_Jj__ 4jjj1j __u 4-_j__>Jt _-J_ (jj-— t L-Uj CjLj____lJI (j|j lL_i_-1j r. i . njJ 
:4___J La ((_^__jL__)> 4__3c_4 jj iVrll ^c^JLLo ___) _jj__>*LJl < <**r> . 3L_j_>Jl _)__ JU 

__!_, J_J.r<l 1 t L^jl_ jl_>> ___ conclusive 4 nmU Ll_ ____>}__-> _ys _$i jljlj V» 

*«4_4jJL_ 3Lt_- Jjrwj 
«L___L_» 4JL_J ____! I o rV ^Lo j j (jj "ijj> C-Jj-ajJj _£-_Lo JL_j_jJ _jL_ < tju_>. Ij 
:*L__jJ1 JL_w __J1 4_ajIj 4ixw"tJ ^4-LLo 1j-c,XI__1 JL_ i^JjJ--/! 4 j"r-r jtl j_-1jJLlj 
__L_ *>L_j L-^JjLu IjJ j___| jiaJI ju_ _y: _J_5J 4jj Ju Cj I j-u_____j Jj_>-j ^iijj» 
L^jl j r I Ju jjJ__Lo ^j_4 L-u_)j_-___>.j _ 4 t o *r y a L^j j__j_C_a_JI , V r r 4uJ V] i3 JL>. 

__L_ >LjJj J!l<u L4.I ^-JJ (jr>tV ri.i^ - spatial association (^L_UI) 4u3_ju>Jl 

t^ilntLj . «_»Jj__wj _ya 3j__»L 4l_-j_~ ^^£1 j-Jjil ^Ur » ______ 4_-jj|jU SLjus- Jju>-J 

La (jiJj . 1jj_a 4jI t " n<Vt _-i__ _>jj--VI ^LJjlII 1jl_>. Wa .>L_Jj J!u_ ^-^,- 

:4J___I j_uo 4_uotjJ 4-t-Kj i.nl, 4__.L__J1 jtjLct (Jjj>- J_oJ SJjJjJt tju- 4-r ir> ^Juo 

. 4 j VjjJ1 Sj V r-^tl 4_ifCLt_o 

f.\ <iitJI (jt jj-olt _-i__ _fj_L___ i4__uL__>J1 4_^L>JLI 4.j . .Vi l^.y V" iiit I jj 
j-_lj___J i(j_oL>JLl jjj <_«tt j tr Jj i^tj_j_>. Jj <*!. ^ tUrt *^ Ijt o tj V| <_-.,>j 
j^Ls-__4 (_j » i,_j . jcujil _-_!___ 4_gjJL- Sl j >. Jj_>.j _-i__ JjJjJt J i'n jt 4__9_JL-_i 



^LĕjJI Jjjj. J->L_j 1 <i i n * jjjil <j-L- ^Lp- J >^J P rose cution «-L_-__V| 

^LlicJ uryuLUI *U1_JI ^l ;-__>L___VLj . LfiLu\ j^j ^ 5L-_u_>Jt l_11_ ^ 

t(jjj -jj-cj .j ur y lT^LkII jj- <-..t l\ <jt ^jrtJjLjJI (jruloljll ^j-ctj L < jlr * 4 <hI.> J| 
3jj__l__u 4__i_oj_-4 Vl ^LsJLl 4" !i jtoj J *i c "1 jJI t(j_-_»L-Jl jj- c-j-slL»^ 

SLpJI (__j_ S Jj_____4 j j ^ jl Jj_l__u5 jjl_-JLI J_JjJI I Ju_b (ji_> ^_L>JI 4^_j____j L-__u | 

J-cLSJL (j-ujJ - L-1 1 3 t" , a l_JJ jj i3 j___.Li 4__i_J_»jJI oJJt Jljj V + 4 j t ^l jj| 
£j--J Lcj1_ _t ♦">..» a l_U_ (j-c f-C.jJ1 (j-A^- (jr-^-J - (jr -i-->L_iJI 1 fl1 t m. j . .. L<w-S; 

(j^j__-j l * ' ^ ** ; j ^jj ijl j__'l jujl_>_- jl-ajj .<_-_cJjJ1 J_JjJL 4 rtU "U ___•______-* }LU 

jL-aJLI Lo : <Lc-l_jL>- 4 jc ~M l_jI_) 3_Jl_-1j jl 1Vi (j\ 1 mIt toju- __n_J (j-4J . Jl_-Ij-_J| 
*54_lL__ ^c-o- (j-tl JjJ-^J-1 J-^! J-c JjJjJI (jM (*-*_! 4-45-5-4 4____ j__u ^jJl 
(j^l jL_ t4__j_Lo j_l__ 4-uLu-t--i 4___J-__( Cltsj _V rit n <__-J1 t->Ju- J!ua 4__u_____ (__£> 
4Jj__Lj ^j! <- i ~rj (_$jJI JLg__*J1 (^JL-o 4_flj_-x-a JJ--J! (jr— - < ,'IUj i" L_-L_J-_a ^L--*-_q 
^C-U <jt <- i y J J-->J .3L_*J1 Jj_>-J _£j-_- j-u-uSJ _£l oLjJ <j-wCJ V Cm-^ -J i<;L__,_Vl 
LL_____-_J| <_-___• l_jj_L__U jL-jlU j_Aj t Jj n « 1 1 l-JLl-J) JJJ-p- u U> "n 3jj_a___j —II j 

3jL___- J!tvL>- ^j_c (-__o_____jj t 4__t__j_A oLii] cL__j VI ^_1__. ____>> j__j J__b S4_^L_>J1 

t-o-jj Luj ...Sjrj <r> V hi (>J l_-!>__>JI l_jVL>. ^-9 (j jUtl jL_j_11 j-Aj t4J-5^/l 

compelling «j_aL__U1 J_JjlJ1» Jll-o ij______j__L_a cLJLj jl j » <a ^l j , V 1 < . .I l ijlr . 

.^.'r.n 1jL_j_jl_* 1 IjLJ. iL _U„ ^1 4___L_l_>VLj , c jL_' Lo L-jLiC t evidence 

__o_j__j J^__3 . Lu_ j-jl_> j-CJ 4_L___> _l»1_i 4 j aL-oj Ll j j"< < . <i ^ tjj n <U 

Jaj S^L_5jJI A ^ ^j ___]( _U_ Vl l-JJj ________ t Jjjlj j j . J__T (j-oj ^Lc-i VI 

t JLxi__-_-V1 3 -1 j »j L^jj__> _*;jL_<i (j-c jJ__jJ1 (j-aiu t JjI JlJI £j (jr---J o' 

jjJL_— ^___JtI__ 3jjj___J 
4jj__>.f 4-il__-_ f l t5_JL_4_ r< iu j1*4 t4 j o Ir ^L_r___<j ciJJLUj V LjT __J1 IjJ-uj 
4j1_iI ^-J-C. <- . "r j <jjJJ1 t^L-LJI JLL-gjl (jrU Lajj jL-j L^jI ^s-C-j (j-L- i4_>aL- 

^LJlaJI 1 ^-lil j_aIj_L_J1 jiih rti JjL>- (j-JI oLji___JI __1_j 4jj__u j? 

^_LlL_ iV ^a! ^JjJLl (j-L. 4_^-V^ 3L>. L_JL_- C-jl-i (jl La jJj-_J Jl-CJ .jijj_>.^) 
4-a-lmL ^c^L_t___lj-_4j t4Jj>U JysL_>Jl (j-aj-c ^-4-3 IjJjL-ssj ^jl J) J nl^U L^j^ 

(j_11 4 nnMLii. . JL_- ^.ic .^_c4_J L1___i!l_4 __JJ-i jjlu jl_3j .(jtH-* -^ 4 - 3 .^ 
4 jM17.lt LL__________J1 ^ji (j-__*_4Jj ^jl__j (___J1 4J-_Vl (jj-___jL__j jjjjJI l_L_Jj' 



(oJIaJI p^-j 


^-1--. Sl_u>J1 JL_b jl 4_a- 1 <nl Sj__1 j__U 4J_"_M ^Jju 4 04 a ^jl QjJL*u_l_ tL £j___J| 
U j^J" 1 l£>^-*-U -^JJJ- 4 0^3 iniJ 4 Uj 1 <n 4fl|jd ____ 1 i\c. ^SL>Jlj j*JjJLl 

. J_x__J_1 Ju^bJL 

OJ? * *^!j> " J 1 " ch?-*-^ _r-*L>JLl /ya ^ jtx^ _^___j^__ J.j V Y> Lj I ^^jJL^I 
4__«__CL>JL1 I_l_u <jt 1 u< .<u . jjj_U ______ Sl j ^kJLj " * ^lj t J.i*qj *<L*J___J, 

1 $Ac cjJ^Lc jrj-uoLt-a (^! (J_-jj ^-jJI jjJLJI ^yA^ tstipulations CjLUI j___i*_ t Lj 

£>j__> __3_i_$jj .(VI <Jf 4 n j n ->J1 (___) ^o-A ^jryiL^JLl (jl__ ^(_--lu J_i ^c£.j _,U 

_-!__ .SLj_>J1 j>^-j jl_4_oj_lI 4jL_I u__*u Lxj 2UuL_9 jIjlcI ^jJI __)LU1j_____"_ , ( 

^jt <\ y <j! jL_4__>1 (jj^L <j1 <_.i.^ej * 4__j______ujJ 1 JjJ-jJI j_J (J 0 ^ * JL-JJ J j| * ' » 

tl^al iV<,^1 ^ys^ju^j Ai i oLUl __L1 jjv^U ■ - , » < ^ jj- <U_L_" 4-4jL_UI <— >1 j M«.-.U 

j-bj) -r j-r tn\\ L_>j j 1 (i <*n j * Jlslj 1 oj*4 L^Lti-soj t 1 ^ j*4 ^SotTjJ 4___v}Ll1 4_L__L_J1j 

__UU". o< 4_JL_J1 cjIjU^JI jjL?t_ <jl LlJ-Lcj iciJJjJj .(4_L_V Lt-i-o-^ Lju_*_-_>I 

t^JjJLl J_J_ _LiJ_>.j JL_ SLpJI ^j! oLjy 4jajV 

.^jjJLI (j-« Jjl_JL) ojI jl_ (j__j_M (__!__ Sjj>.jJL1 3j_*_i__J1 ^jl cjLjI _ ) 

___LqjVl Jt n) J_j jiTi ^J 3j_i_____JI _*JL_> J_-.1j 3_j_>.jJLl -iljJLl (jl jL^lbl _ V 

* L^L-___-1 J___ L£ j____ul ^__J1 cjO-JI ^ t-e^l llUj JMi- S L_l_-JJ ^l^j^I 

.LilJj Julj L_J_j (_jf ^yS jl * ^Lulj 
CjL_i_y tSj_a- «rttl 1 ^ jlr ^jJIjkj ^.jJI jlj_4-J J ini\ U J-tl_-_JI ^ljL______l _ X 

.SL_-JJ Sj_L4_4 4_LU_>jJ ^j-LIJ 4_uLxu£ _l)L£lj-4 (^yic. ^JJ_>_J 
j__ J___j JL_) 4JJ J*fj11 j 4_-uLj <l J^JI 4JjVl d_L_> ^jl JL__-__>.I jl t i~t tn\ _ 1 

.4_u>JI l_)L_jL_JI L^j ^yu (^-Jl Liilj j_i__ CjLlL^C 
ijjj__> __!^Jj___- 4-____bj (_£J_J1 JJJ-U Jj-SJ1 j_4 (1) ^c_5j 4_o___J1 ^Jiilj "mj 
^jL-jjSi j-Jj! 6j <" il (^JlJI _ L0L4J 4_JLpJ I 4_L___i____J1j _ ^LjJ___J1 j-i_>JLl j__>j 
tjij diUlj jj "i < Ju ■ 4__L__1j-_- j_Lijj j__ l___)j__j *_' ^jJI tjJj-- O--* J_J J 
4 < n 4 (___3 (jj < nUlj £-a\ tna (j--C 4_ul_L>J1 CjI S j n ^-"11 j-C __Jj _/1 4jJL_-L_ jj_L 
i J_lj____JL1 JLt-p.ci.tJ LaJL_c 4jI l_U _____ Sj-4 :4j >LL_ ^(^juj^I 4_a>L__» 

, «S4__j__>JI j__ (jjSu (jl c—ocj ijL__>-VI JUju jL£> 1 0 (g ^ i___Lu 
Liilo <"fUS 1 11 ___Jl SjLlc-JI ^-jjLLo jlSLo _UJL>u 4j__jL_ I JlJLI 1 JL_> __u-J 

ji 4____l____3_ - *L_JL_j_JI 4___ijL__JL1 (___3 - (-.Lu 4J_xJ i Jj-UI (j_4 Lo (jLiLo 



jj nirti tl IjLA (jL£ <jj L ^-ic jf t MjJL» Ijj < urtl J!Uj L ^-ic I j ii*M (jj £4-4-*J| 
tjLjJLt IjLA (jic J q."i tj ^JLc J£ (jl-3 L_Uj (j-« (^J-Jt * J*-^W O^"-* 0 

. jLAJI J*-JI (>a j jXtl JjLi_~ <___ tL^-JJ J-*ojj jjL-JI cjLu^ 
^d" n J£ £_« JL>JI __-* L*-?) j-h**VI c-Jjil j-*j tZare jlj jjLIjjj Jj-jj 

4l -r a ___. jj MiUt Jl 7t <\\\ (4_jjj— *JI (__£ pL-Jt jt — Z u_flj ->JL ^o--jl <i inl 

j^ <ui (jruijL 1 n ii t Lo Lot ipLuio^l (j_->o (jjcjL *iL*LJI <jj» :«<j_ujL-g» 
jjuw :j-Lj_* SjlcL- £LuV 4_>*L>Jt j-cju l_UjJj .«*L---Vt <±\. ti \^*-m> cjLjJ 

, 4*ma t'l*H j m t" i »j tl^j-uu j-_uL '(jr^ (^JJ ^Lt>o _--JI jj-«Vl ^ l a jk 
4_-_>jjj-JLI i^_>jS/l L_itji_->JI 4^j_$1I (jt_9 t^JjJLl SLpJl 4JL> __-! 

£_ya «t» (_y>aL>JLt JJ->J (jVI (j__j_-i_Jj . jtjJ_>L -£_Jj_ft~ua Julj-JJ i*LcjVI (j--C 

SLu>. lJLLa) *Lc_V1 (>a «^» ^LJLlj *(£j>tl ^-ic *L_~ jl».jj V) ^LsjJI 

(jt t( ^ ) aj-j 4 UrtttLj 4Jj 4 mM l_9j " t j iii « t» (jt ,1 y *m h .(j-JjJI (j-L_ 
4U>n* tl 4 -y tn) p \ ,< nj <jt J o, " 1 1 (j-«j t j_jj-U (j_* Jjl__JL C-jI JL_ 3j V ir*JI 

t(T) ^iij 4_____JL m^U a j -_-a____jj 'lujJj (_^S/ (j_»j-«__i ^cJ L^jt _^t t(Y) |«_ij 
(__lc 3Lx>J| jj_>.j ^Jr. JjJj __!__ Jjl-JL (_^jj_>iJ 3jit_*__JI (jt (___£, (j-a-J ^--Jl 
^n_5j 2-___JiJI 4_9---_u ^nt.i iiJ (jt LaLoj (j-_£j_ij 4___.j_^j lV< j mi m ui 4 i*\t t^tJjJLt 
(jt (( t» (_-jal -r olt (j_-4JJ • L_>jl t j**< i <i\ L_cwjjJ SLpJI jjj- JSIjli jj^jj c$t t(i) 

i4_4uL-JI Jj_J (jrtt J (jic L_)L»J^/I PL_~C (j-4 J-4-^t jJL^ (J-=J_9 3jJj_X__J JjL_*J 

L-Jjllll (jL-LaJ JLiJ LJ l_jL-j ^oJ tjj tJLHI Jj t iii l-J^J *J---^I jtl (j-u-Jj 

(__-* jlj, <i" i..VI JL-t_Ul (j-« 4Jt JJLjj !VL__ tjj nttl L-L-Jt JjJL_w U UV m Lu 
5Lta_uJI (j-J Jj^"-** JSLi ^l i mj mi «(j^» ^-jaL-sJU (jLs iJjJLLj .4_4_TL>Jll Jl ^"mt 
(jt J-wt (j-o 4_)tj *4_j_-__-__J CniX 4 * niL->Jl 4 Urt,;]l (jjlc ^I,>o (i) ^_ij 

(j£_4j - H»L_>JI _ j->-j *L*m diL - l1jV1, o, **!,>. VI (jt J-4L.J 4-lLc tj i r\ **i i j 

^j-a J j * • A j JL__ (_^t (JJ-- 1 -->VL_4-i---VI -*_U- (j-*a^J <- 1 y J J-b i^j-^-lj * t.^ 'o 4j 
(j£Lat ljl_a S4jjVl (j-* 4_^-_^Lj -_i__3 t«t» (__xL>JLI 4 jtr j i^j L*_- tL_L_JI 
(__ic t a I j j t «i lil L_!Ll-> (jt i4JjVl ^j_o 4jj___£1j (jI-jj-j (jt ( J -a-Jt.,. l «>U 
-*-Ub (jj-\lu_i_- i4_L JuJI l_)Ij j i nn"tl (j-4 VI o*i,"-l L_jj__t j_b 3L_>JI Jj_>-j 

ijl j t o L _J___t_b (jt JjJjJI 4_clU*i itiL (jSu ^J jJ (_--->■ - L»l_4J 4_cjj_v4 4_*_uu 

. Jjrtt II L_L_JI JijJL-w (jj-i 


■ 


LU J£ ^ -___*_> Jj]\ iCiLuyi ^jJ 4_oL_-JI Au^nW o juk ^ LL__ 
(J-ljj (jf Lr-^ CjLLIj-IJ-^I l_L__ (j _M £_>-IjJjj .4 i « n i j tglrtjj I {j 4i j nj <jt 

: _J j n« a 3jj_____j <jjjoL_>JLl l^jlr 
(j>L->!j 4 ^Ai ^Li ^-jjJ-^JI c-*la-d]| ^ 4 jlr. j_Lc ^j-u -JLu- J 

* > ^Vf f-L__ ^j i cataloguers : - J_j__ _y» ALH 84001 4 jlr 

impact LoLuaj (jt g^Vm ml -_J_ i_jj .jc_jj_M jj_ _>_J_j_<- <jt JjJjo (_£j-*> 

m. 4_»tj i^JjJLl S-^J-^ j_a__»JI IjUk JLl_____jI (.in« (J- 4 Ju V Lo 

___ilj__Jl jrLj pl u_ _JI ,____ SjljJ__x. CjIj <nil jjJl-j JIo <jt J — a_j 4jI — g__JI 

♦ interplanetary space 

4 ^tn tn (j__>j_-_u >o * *■ 1 fl « < 4j 1 j - ) (___j-j <ll j— se_j>JI _ Y 

J>L- 2-i_t__jVl 4 njtl <j_, CjjIj ^V (j__> jj_u ^J 4±xL <jt j__>Lt_Jl <jjaj *C_jJ_j 
Lot . u i Urttl J ,j L>JI ___£> L__Ll__J- ^-jJI SjJLI ^---J iL-jJj__a_ 4_i__ c__Jt ) X • 
3j "i ntlj £JjJLI ^Ll____ (_$J_tl OiSjJI 4__jJs Lu ij__*ui*JJ t rttl j_j*-_JI 

j-*- t j **. *<_ 4*CI j£Jt (j-u <_L___JI _____ L__jL______ (_y_JI j_a__u j-i____Vl 4 j '/ ajJ I 

. 4-L-u (jo^Li i , 0 

^ya CjLj^ JJ-^J t^rO^' > = ? fc - H ^' I J--> J--lj_J ^lji^rtitl j^>-r ntl j^l-t _ V 
C-jjSu <_£J_J1 0__jl_ J)J * jJI JLjJl_*__JI olSLaJ ^-Jlc (j-4 ^C-jJI (jji^J • oLjjj-CJI 
jruMj X , 0 jJLu LAj--v__ (jt ^-JJ j j iVi 4JjVl _>__AJ (jLJs t -bL__j_ll , JLA 4_xJ_ 
-jLj__i Ji-I Jj , 4_L_u ^j-jJj ) , - j, t <j l-bj-^-- j->. ! JjJ_>lj JJ_t*_J I <ti n i4j__- 

. 4-pJI cjLuISJI LajJjj (jj_vt oL_>j_^j (jjL-A ^LoJjJI jl>. j t< 5ju_ oLjjj__JI 

4JjL_' t 3j-JL-_JI ^Lu-.Vl tf JLA CjJL-" (jj La Jj_- JjL_til 5jl_l LL-___JI j__$t Lat 

_jLuVI ^l__c m i njj .3Lt_>JI jo__ (__i__ 4,L-LJI ^ ^ *^ ^i^ (jt jJL__4 (ojt-T Lq 

(jja * foSSils j-j-_L_>.! VJ ^..A L» CjLj i^j iti (jt (_-!_- (jjJL-jJ (jJjJI L_l_Jjt _-..__. 

. JU_n_JI IjLA 4_^JjL_3JjO jL^l-1 (JU-t 

oL_jj_>. (_-!__ ^y-Tj— JJI j_s*_>JI 1^-- 3jj_>-jJLI cjLjjj-SJI CjLj_? ^j_L>J _ i 

t(j*i nl" V a _y___jj (j-4 4 j i » jULLiLa (jjLuja __JJ -JaLu-^L tPAHs ^ o t ^jj ^j-c 
(j-4 oL__jJLl ->JLA (jt ^_-j (_-__- J . JjJL>Jl CjI Jlj__L_j JjJl>JI _Lj___L_CI 

L^jt 4 j > > *4_l_>J| CjLuISJI Jj_>.jj jl ^ Mi*i miVI (jjj (j_a L_>j j i *i <i"t ^jSLcJLl 

, 5jj ^ (< iti 0 ju_ Jjjoj l__j_j-____j (j-Loj v i iii rt > (jLmi ^-js i ^ » j o > j $tyj 



£jjAJ1 ^-ic 6Lt9 _|£ i*|,TuJ| 


Jj->- j--jJj 4jLjL_Jl Culj j t ,i h "iTI _>--->0 _)___<sl Jj-_- jul jJI Jjl_>J_J_ i__L!jJj 
j--- ^___JI _uL£j_U -_i_<-.>- Cit* \\ J__ 4_j->-jJj_u j_j__ CjI A <iC (jj_* 4_J1 o""-l _£J_4 

.ot_>_N J_J_ UJ_ 

fej4U£j_^td___Ht 

c________l jl_3 3j_3t_i__» <jl Liicl jl_ oj)"' IjK (j-^jjjJIj « L-uU» ^Jl__j c-ulS lil 

i4-<uJL_i 3l_L_w Jj_>-J _____ 2LjjJL/G J-Vj ________ (_£jl_>U iO^) 0__t_xJj__JI JL__ 1 _>__, 

< t dUT i LujJ 4__ujj____J V I j__>l_>JLl i_£j__1 Jl3__1__uI (jj_ _ya _£jj <jl j * u_J 

_>__! .J____J_I jLL-l ^jjJ jJ_lj__i I L____V JLt__uVI ^£__4 1 <jlr j 

J-wjj i J^-j O L__i_v.j i( Y * ) _-JL_ L__J j-ja £_ja < j*ty __JJ I iit- ^ t< M"t V a j_jQ \ 

M-^ J_"_ t_^J_tA_Xi_>JI _-__jJI __J_ L__>L- L-___J_4 j_~U>-V1 ____j£_J1 L____u_n ij-q-_JI 

;l o iii __J_ j rii i T I _§JL_>- 1 oKj . 3jL____v jJj 3jLl__-_w ____ 4_jJ_jJ1j ___j_>J1 _ya 

-L___J1 _g! iJ-iUt 3j-_' < rim) Jjp. myths _i.L_dj_>J1j _>-^L_-Vl 1j_*-__j iJ_JJ1 
(j_4j . t j_i__JI _>_- ___*___»__ V LL_L__j -_LaL_- <_>_3jVI Jj_*- j3 J-3 l_4_L5> j_t-p _-_J1 
1 j-' L_^jL_e I j)_*j i -~ 1 ___JI ifixed stars 4__uL_JI ^j__*_l)1 *>j 4 <\ y u_u 

L, jLcj__i 4 jj jG L^jL£j ^L-4_--JI j-L-u LojlIc _^____oJI i _ < r> t ^ __JI 4 j < (i iTL 

starry 4 u >:„< Tl ^Ijj-M _jrtj <L$jL ^ _____>- ? 4______<j___ _j->j _)j____.1jJLl ____-. V 

4_ijLj _IL _-__*jj iplanets 3jL__j____J1 __-__! j__ll ->ju- c__L__T .constellations 

^j)_*Jj| _3_J1 4 j 1 m (TL I _ t -Mjh- j j t*> iwanderers «uj-^L^-M» jl «ujJj-r* Till» 
_ y l__j *( Y> ) zodiac --j_)_jJI 3ju1 j ^Ij-j? u_-j *____aj 4__^j____L<s i3j 0 < n ,0 3jj____j 

4_uJ _^l __J_ 4__I___*-i__4 _>_Ccj _)! _)_- Jl__jI t_L__u ^__j _liL_tj__*__JI <?_u_ _)f ^i-j 

i3j_AjJI j)f jjj-ll Jj-* L£j_i _jjj _j? 3j_l_>JI tjrjj-II (_;_* l___1j-<JJ _>_C_^j *3jl5_Ij 

__J_ 4U uty _)!_-" (_;jJ1 ^j)-a__JL j___>j_ll -__ij_ll ^jjC 1 , \ t *< j a -J__ju _dj____u j_4>j 

AjjljJLl __il£j_^_Tl _>__ i M>i" _u1ju_i_J1 jIla <jf _)V1 ^Ia_ _>s_-j . 4__uL...J1 4_LJJI 
4 1 1\ o^tl 3jl u ..II L-i-Tlj^JI jru ( >ft ( j--Ij .(j.u «i Mitl Jj__. e___j__J1 II14J orbital 
j____j (j__j VI _yJ1 1_4Jj__5l ____ 3j_AjJ1 _)L_) i3j j_i>JLl u_-*JLj W^_LSL) o^*-* er--'' 
(jmo miTI _)-_ 1 _ j 1 11 1 4_uj_£ Lsjji JJ_u 3j-_>jJI _)l jl 1" ir L (j^-Jj *t3_> J p ^ r W 

_ r _-jf_J1 Ll__ L___>.>L _)l J^MJoyi _-l_- IlJ-L-Uj >L-_ iy-l ^ r.iU ____ L-blj-J l_-JL_C 

_5 jJI i(_;j— ajJl j__4-__-.Vl ujiJI jj jjj-ll "j- Vj .(j-_-i1 jJI J-JJ1 f}U_» _--a 


pJUUI jjlsu p9_j 


j-*su c_-i-j_-J1 I Ju^_b . 2-l_-L-JI 6_l_> Jj-*. ^ -"^ 3j-_>jJI 3^_oj LL_->. I ^L- < 

j-a -_jj_-i_jj LL_s-f £_>J»I jj____jj .(j_>_M Jjj--' flU Cj1j_~ (___. 4-_o-_i Sjjju 

(j r*<l <nt l (3JL>— j--*"^ *^ 1 1 ^—*J -_J-JJ JU-J (J--UJ *(J-"- 0 L-Jt 

<d gjU < <i ^ i^i ^i? ^y 3 jjjJLI luj-___u L_-i jl.__j .j >• £jj-^ VI t_jj-Jb Vj 

4u____>Jt d ju_ (__i_- 4JIj_>u (jL-> jJv_u i La_jj_-_j J-tiJl Jl jJo o in II (___S ^ n jjj 
dl_>ul (j-a£LftJ l_JJ J JUL-i ^jjJLI ^J__J . JLJ -JljJ i__a__ jJ Jl_5 ^j__fc-JL 4-t '-^jJLt 
4-C j_--_j -jl Jla ___- L-Jjj-r r<J ^--Jl <j_-»j-M LiJlu <^ j -qeJj| ^-JJ 4_i___Jj_J 4Jlj_>u 

i<U ^jUm u i^i^l (___) 4j1 _-u_3eu t j„^_- -*! l___j_JI overtake jjL*"1j <>-^ 

-_x_£ t^j-seJJL 4ut_-_»jJLI 4-j__JL>Jt (____. (___L>J1 ^-Jl l_1j__*_ju 4jL__j ^ujJLl J J—u 
backdrop 4jrtl-v. 3j_L__ (_____ 4-_.j i.,o 4 nlU Ul Sjl n dtl lJljL^JI Sji_v__l JJlu 

iRetrograde 2u-t_wlj_lJI 2__j_>J1 _>_jla ^ j^-jj 3jlc jl*jj . j-uu <_-.ynU j U < t, 

j-i-C jLL-JLI 4_L_Cj_>- _>L>ul Jl_ul___-j^ i _£j__>- I Sj-4 4J1j_>u -L>ul j-a ^UjJLI J-JJLJ 

Jjbt 4___uj__u (jSLJ tL^jl ni a L_5j_L-_ (jL>-jj i£j " < f-J Ll (_>-« J£ j d Ujj .^tju-M 

(Jj-au L-4 ju-i_v_J Jj9| 3jj_c___j j__u_u 1 r jU i ii 4jj-j_. (ji __JI 4__}L__>j . L_>- jx__>j 
U-* J-^H^-J j_L_ii CjIj j t" t (j_-j_juu ^ujll lV_°3 lP^J^ (JrtJ 4__1 (j-* i jujJLl 

*lK3 j' l£>-^ c^! <-LJLt 

4-_ijU i njtj i2L_Ljj_J_J1 4j L_^ j__?t_» j ij o -*1 ^JjJLI cJL^ pl " ^yi <,ij injj 

(jrO ^JJL-SJI i U i nj h! 1 (JJ---J1 ^L_>-J i ^JO (_-__ (_u1jL-____>Jl C____JJ t^jjl i *U1 

JLJLIj i4jl_3j. .nn j-jJ-JI (j--Uj V (jJjJI l_jj->J1 <J1 cjroj l----'j--J1 IjJb 
l-j j^-*Jl 4JI iNegral Jlj-u>u J_Uj Mars ^jjJLt oL_fC .^i ,UII ^ 3jl__>JI 
(jj_J! .0-^jjJI Lo? t( VT ) 4: __i :J j_-_.yi l-jj^JI 4J1 iAres ^-ujTj i( YY )^L-J1 

3j UU (jjj-_,yt JL*__ut (j-4 4jJ j 1 r j-__>1 -jj m i (_-_ajj_c.y 1 jjSLaJI 1 j n Tt r , I 
^-Jt Ares (j-uJjT t>° ' ^-^^1 0 lr >Uj <Jj jl_u ^1ju>.Ij 1 j____l-*L-_ *4_a_jL_JI 
J)S\ ^ I a„t V "i «II ^ Jtju V ^jJI f^ju^\ j-aj t ( vi: ) Mars ^jL^c 

djjjJol j_, 4vV1 J-j ... lr. 4-L__-_ l__J| ^ j-_--S! Jl-ajj . (4uj- j 1,W.y 1 

4 — 3c_>.LJl 4 .lljLc-a (__ fl i j__jjJLl jljL_4 ^-—--uj jl tjLtjj ^-L_ i-LuLajjJI 

Jj_>. ^JjJLI jl Jl-o ji JL-_>-jj iL___T1jSJ1 4-_ijutej 4_-_>L>Jt 4-LjJ)Ij__ lJ-1 mi"^V 

4 jl r j_u___j jlj-" L_Q_i LjjI- (j__-_Jj ielliptical 0 y ijlasj J_-___ 4J (j_i_*_-J1 

*(JJ-_jL_JI f.1j-4_>JI 



JjIjI <__. <-Ti< _;jJI iGulliver's Travels «jjLJU. oMj>j» (jji-tl <V-~ ____ 

_!!_ JUuj i^jj-UJ <j^i>-j9 0_jj___. (j_-Uj_>. J^*j i j-__i ^j-aL-!! (jj-__Jl 

i jj; j* u_> (j_jj_*_3 Jjl_JL ( M 1" <u jj>ll (jl (j j <■ rt mu . £ I <(jL«jJI (jjo U>2j 

^juujj V i(jlj_j_- (jl X jji> l__*__j i( Yo ) Deimos (_>*j*j_j Phobos (j^jjj-e 

♦ JLa? 3j__ Lxv_>J__? jJL__ 

j__j iLowell JjjJ Jl n j mij-> ^-L__ ij..,iM r -___iL_JI (jj-_J! «LL^j JjJ-ej 

(_1j-j3 Ju__>jwa ^LLu t^jlrn njj 4JjJl_xj (j5— t "J *LJjJI oL__J_JI _ya <frjj 

(jjLaj j >■ j__jL_jj 4jj— a>. (j! j—a_ij * Ljjjj l 4jV j_j __1 1 ) n ->^L__ 4 < j j a 

^t-i i ii (_yJ-C olji__ J? J_aj UV _}j__>.JJ Jj— oj — 11 tLjJLLajl ^j-4 (_-JUjjLjI j mi 

J__j| j— >J! ^-_-uj_j JjjJ £j_-*_ - canali ^«__l 4_JLI__jVL L^_J_. Ji__-! _ ^jjII 
JjjJ £l_i? * ^ A^o c (j-4 Ijl j "< r,l j . 4 — j — 5_jj-ll «olj__JI» (j-A ol lt 

L—£ l J j **■ ejj_L_j L> 4jj_j__4 4_j, i, * ("o (_ r"i < 3jj .__> ^^..3 ^Ltl (_—-£- 4jL>-l "im «_l 

^j--! j j i < jj___ (j-i-c. Ul£___- jjj jjjJL I _jl JjjJ J LJa . I n n /- Vj__j__3 c__- V 
<_i jIjJI *L_U J__l oljJL-UI j___>. Jjjj-l-» (_>c J--L__JI ^JSj£ Ijj*JL__ ^L_TjJI 

(j-ci (jj— - < niru SjlJLj . 4— jjIj **< m_M J^_____L_Jll JJ 4 j i Untl ^ g n f I (j_-i 

_ilJjV 4-l., ,JL J_ _M _,__ t 4jj 7t * a jji_p JjjJ o___-.>Lc ojLiT tjLo^JI 

4_jjjJ (jH-jj m< jtl ^L-ajJI J (j^_Jl 4__j_J ^L«L_ ^ ________ ! Ijj-*J r<J _>__) jJI 

c__c_ t^A^A ^-Lc (_y^J ♦ (jjJJI 4->_L_ 4_j__i_ ^ir 4 ^IUU ^___JI j_u J_ ji___ 

-_ij_-. ____ j (m^^jSJI ^-^IaJI ji_l>ji jn <^ (_-Jji (j-« 3j_=-ij ,( yv ) jJjj -"2*-- 

_j_>j L^_l__ J^iieljj tjjj- oLLS" __!! I j_l____l iWar of the Worlds ^JIjjJI 

< t _>_>jVl jj-Ju (jj_«j-__J (jjjJI jjjJLl (jl___o (j-a 1_o-jJj__j jj n *i a (j_JL>. 
<_U_ Jljljj ,4_i___jVl ^jj! j_>JI J*-_u 4jL^_J| ^yB (jjSLl^j (jjjJlj iL_Jjlj_-i 

_>_>_JI (___» _ Halloween (j^__jj__II juuc 4J_J ^ jujl„_JLj i4__- (jryLjjL 
Mercury theater 4_t>.j__JLl ^j-- -___!_! - \ \XA ^Lc jjj-->5 (j-« 

Ll__Ij Ij-CJ jLj? U-4 i>Lj 4jIjjJ 4-j_cl jl 4_j_o!jJ 4jjj i( YA ) jjj (jj--_ijjS/ 

(j^_i_C-_j--_ V I (jr_j^L>a j-__>j _u_> iSjL-tJJLl oLjVj1J ^j— _JI J_-L_Jl Jj1_» 

(j___*JJ -Jj-jj (jJ (jrl-uuaj? MJI SljJJI (j__j 4lj i°i (jl JL__1>.! j-a 4_>jJ L^_>j 

(j-« o!j___jJI ^yi- <_!!_ jlaj Oj-^L__I 3 j___ (___-bj _ » i i " V^IJ L_Lq ^j___J1 

.^-a-Ji jl_*ji 



pJUdl j^su pgj 



.4jIj__ Ajl aJL__Lcl Laj ^_j^_4-U ilajj-iJI o__> P.Loweil Ju^J JLd_t__^j j*__j t_>_«j_1 jj j>- >>-> -— -* 
i t,n"ftl L^-t- 2u_^_L» .l__S^S_ I £____. felj_>-i ___c <Lj-kj^1 I _j|jI_JI i_L_i _jJ__«I Jjj' jj^* - tj^J 

.(JjjJ j__>* j-4 J-Vb) oases ljL-Ij a_? 


<_-_> . jjjJLl />__ 4-_x_ljJ1 jL_j__*__'1 __U_ 4i_J _^ 4^>-3 JLajj 

« ___U» 4j__j L___J__>I < (jjjw-u-Jtj I (jj__jM _yi CjI j *h« 1 1 ii tl (_J-ljlj CjI j *j~i i tA\ jjWljt 

J-__jj (jT 1 1 <i j iMariner jJjjL» jlj__> 4_^ ______ cjL___j_a jjjI jjjJJ 

^-i-. JuVl ^jJI jJjjLa 4_a_>jJU jjM-a irt ^lj *(J-*J^I (jr^! 4_j__ I j-C JJJ-- 1 ljj--_> 

jJaljilj I <j" g-wlj^uj * j_>JLl ^-lc 4_l_o 3Lj_>. ___£, Jjlj CjLo*>___ jj__wj 3j_C_i 
oLj-js _>j-_vj 3j_C_i L___ul CjjIjjj t Jj^J CjIj__3 < " , <*t " ■*_ 1 tL__*Tj_-JI __JL_ ?.l_j__»Jl 

____ Jfl miJ JJJWJ Jl_4__*J ^--i^L- L*f> i^JjJLl m _____ 4jjL-V 



j»L__- Viking gJ-LLa 4 <i juu L___j < ^ V i_dJ;. ^j-^-j *ti>^ 

L<uj idLtrtll _>L__j<sj iL__tL>. i3_}jj_jJl (j-ujl_- JJJ-* ijj-^ LLoLal j <jt\i t«J i ^ Wl 

.SLs_JJ j_-b-___JI ^jjIHI Jlj-_> J_.Vl <_--L.j Jj nUrt^ j^l dLpJI <\wa 1j-__a ^p-J 
j jj ^l ALH 84001 ^-i*u>-t1 o£>*-J1 &d ^L^t jl_>.I 

jjj-LI (jjic «LlJLw j I 4__jLl_j 3L_>- J J^>-J j ^Lo 1 ^ljjuuj . 4__wjjJ| | JLA jj i*S 

^ylllj i4_L_u jro^L) i , 0 Lbj o r jJLj ^yjJl 3j V irttl _»j_-> cjj! jl__l__ iV 
Cot-i ^j___jL_~- (jl J.rt^ 2LJIjl (j^l < LLjJj 3jljixi.ll l___CIj__J1 <__jjJ_> I ^jjC- trtn^ 

JjSLa ijL«Vl <,_*__ 

(^-jJl jLj__i-Vl <jjj! (j-uLiJJJ ^jL-SjJ . 3__J_3fcJJ 4-Jjlj-A L__J^J_» J*-gJ__J ((jO-OJ^I 

g.1 tAn}\ (j-o LlA_) jj_lo JjLj 4 j Vj>ll 3jV i<MI <j-_ ^-M-_-VI JjL-uj I ^"<l^iL_3 
1 <j K I i^U ij -4__lL--j ^_i-uj Ti < < i » : ^jjjI JjJ-jj ♦ (J ---__jVl l____j_xJI JjaL_* j-4___j 

dJU-> Li_t_9 (JjlL-ljj (jl Ljjl t jL_J . <( <j j_CJ I ___3 dLpJL Lj-_i_C__U 4___JjJo j j *~ r u 
jLa_>-V| (jjjLLc. Cjj i I i n*i (J---JI Sj V trttt ^JjLj ^---J Ijloj ^j ! I m.U ^ i*L-L_ _?1 

. fcJL«J! cL*__! g -jjtt->- ^-_d 



Ji-b *£Jji.1 ^ylc 4xjJ_9 3Ll_v Jj_tJ ^-Jl j j iVi 

r<rt ( VK1 i__jL___jjf Cj^Ijj CjI JLjjLj 4juj I 5jJt____ 

Kj "-TjLj-j! 3jL_u Allan Hills j_Lj_> jVT 4____1___U ____ 

(jjS-i* {j-a 4_L_o ^j-tJ^L) L , 0 julj 4_ujJ_>J1 4 j j UMi 
• (j-oj-M (_7___ 1 i o jjja 4jL__i i__olt ^Tj 3j_-*-____JI 

£ja i4_j_ie_jjJLl <?j_-> ir>ll dJLA _____-____'! l__lKj JLj&J 
OJJ> <>* J-' «lij-* -'l Mjh^l J 1 ** (>* ^ 

4\j__j»jJLII jL*_>. _?1 c_jL_*_j! ^aUjj ^jJlc c^2Ju\ jVjj 

.^-jl*JJ 4_jjJ_>jJI 4 iii i ij-^U ^_)_I_II 4-^j__>J1 -* j jU^tl 
4jUI JL__xlj *j__>- __j3_J V ^jjl jJ_JLl |jL__J 

L-jI-kJ jjjjl ^l 4_ul ih'^ 4__j__Tj_jO JL_ujj 4 nKi /ys 
(jja ^c-CjJI _---C L>j__bju i^jlaj^l ^.Jl 4_La Cj_x_l__ 
(j___AJ , \ j_ml i i _jl 1 1 ijlc. _/L*_LJJ Jj i L_JUi__JJ 4_j 1 

_-_i]1 4j£jJUj i.Ujlrt^lll 3jLu>Jlj 4ju1 jJI oL_Ljj__U1 

L___*J Lu! VI i4jQ_L__uC 4 J fl1r Cj1jJ_)j_4J LLl1__ Jj-JU 

j " « i <jl 1 < ? Caj (_£jJ! L-a 4_1__>-}Ljo L____j! j__^_L_o q] 
4J-1 i*i*KI (jSw4J L* (- ( t lo I <jl )) ♦ 4j3Jl___JI (jiajtjaj 4_lLc 

^JlA .«_*! u_4 4____ ( L ,-p m V (jjjjl ^ Mitl j_A 

L-Jjii (_-£jJ) ( ^ ) Lj_>.jJ j_ajj_vJ I ^JL-C j j i t*i 4__ojj1d 

.dj_A_l__J1 _»_jl_> ^y. Kolb 


(^yiejjJLI j_a__>Jl < rtuH^l *l j^-*Jt (jrt-L-^LJI LajjJ. <jt ^yJJ I 

t<__jj__»Jl <_ <K rttl ^-J- 4_t^j-j-LJI j__t_>Vl (j_. Jj_oIj_L«j ^jtjLo (±xrt_j <j-« 

5 tj ^ , „ * jl_Jl>JI _____ 2jj-_wjJ,1 4-g£) jfl< jLa__>Vl u Ir ^ Aj * M1 (jSLcJ tNj ^ 

Lo Lq! 2 'a \L^tl (ji&jb^j 4 jic jiLc jua 4jl J j__u j! jL__IL l * ^j ^jjja <4 j ^ < <>\ 

t J-___JL jjjJU Cy* JjJ-_*-_JL ^^J^j-jlJI j_»-_>J1 I JLA _jt (J-J-4J J-£-* 4-3 jl m « ^jL^ 

<____ I ^jlr J-J-C I J VjJ-Q lj_a__>. j mi r (__-_»! J-=-U ^jrU (jj- j-JL__Vl 4_1 I </>jtj 

Jjt 4jt L_Uj ^^JLtJJ iALH 84001 ^oltlt {<_-_- VI SjJ____JI oJJb J-4->uj .(j^J^I 
^-j*- jlr j_t__ __-J1 4_i__j_i_J| jLc_>Vl l_1_j (j-u (j-4 4 1 j -r > nl ^j_5_J (^j-j-j j^*_v 

4jjjjJ1 jj)^7*H cjjIj . ^Ai ^LJt J>L- _Lp_jl_jt 5jL_ ^ jJL_b <jVT 4__l__u 
t 4__4 ,jUmi>VI jl^jj ( Y )^L_3VI d_L_-__-T_ t 1 gjtLu* tJ\ ajaL-b^L ^Ld-U 

___JI 4 j ■•teJjJLl jj__*_ju_Jt ^-Jl__i (j_- 4__j__uL___Vl (j__L_L>J I (J--JU ^rj nijJ _-J*J 

sLjj inl _$jJI stipulation procedure -_J1 *1 j— L-__-J-jj . L_jjj_-_-_j 

jj ioj p J_aJI 1 m^,<ij .(jAau^l n tJlj (j^j «itJI (jrt-aL>-U ^j-4 (jtl j V *il,1 I n njj___l 
.(j^_ajj__)l <jjo _£l (j_-»tj_-__l jj J 3j V crJI 4jL__>. 

Orijbil Jl 0_-__-§ «n- 4rfUj) :ALH 84001 ^>*_1V jft__lt 

4_l__ (ju>L i , o j__*_, (Jul jojJLI ^ya ALH 84001 ^j^-JI j^*-*JI 

dJLA ^J__t_4 (jj_-_JJ . fr J^-iJ t " r 1 1 1 ^MJ CjJjJ (^-ll! 4^L__j-JI 3jUI (j-A 4jGu5> Ji-.! j 

^-jLS-J ,.j i» j-_a-->. jjtj t orthopyoxene (jy___j_ujjjjVl ^ 4__uL£j_jJI 3j_c%____J! 

. ^ jj < m )c U 1 J _UJL>JI (jni u lUhy fl tfjh~r '<i^jVlj (jj_LL_JI (j-o L_uL_vt (jjJoJ 
(jjo 4J-_- (J^-jMj 1 j-^ej Jjl__ tSj-a- inll t ^ J i nl (j-4 4j__o (jj-Jj < n <m _L_«jj 

4^-ij-uJI cjLj jL___J! (jj. 3j_-_ «-jj-- 3j> <oll ojjb ^jjJLLj ^<___jj! ^ i n-h. ^ jllo <(jVI 

(_;t i4___ tjruMj 4jujt Juuj . t JJL-c-4 L^JjLo (j-o ^j_>. j^j-o ^-JJ ^jl L-4 t4-«j_}_>JLl 
^j__ £jjV inTI Jj--- (_-JJ J->-I j-l JL__U-_>I (jjjt t(jVl (j-« _Aj5tJ jt AIlm (jj-J--* ^ 0 J-j-5 
tjjtin i ntl Jj_>- jJJL) 4-li-u (jjjLa j-____ 4_cu-q_>J! £*JlA ptnt a ("n^ 4 jl Jjuj .^jjJLI 
(j-_xiVl (jjj__) Jj-4J V 3 Jua (jpAj :4J__/ _Jjf \T j_5_j J__3 (j_ajS/L 3j.V 1/-1II <"( nU*^jl 
(jja ^ * * * /\ (jja jj_>t 4J-_u (JJt W (j^jL-U V __-x> t2Lun«iMl 4x.j^_>_l! jjjL (_-__ 

C_JJ-XJ -U-A V ***** / ^ (jjO J-ttj t^l l>l Mt 3j__5t_-__Jt 4-A-9j t*i Uit (jjjJt (j-«jJI 

.3jj-i_I1 ^-4_>JI (j-o ^jjJI ^.J-C 3j_4 JjV 3jit-__Jt 


6ji_-_> 6_i__9 


j-JL-y ^jSf 1 , h ArSI i_H>^ f^Vj^L«j ALH 84001 sr 5 ^' >*-* JI JL* V 

.__^___j$Lj 4— *J)1 _)__C 'M—Lia 4__jjj J—J^J L-<-Ju-> t _jl lO^j V -L_cL-LJjtj t-jl — _Oj_> _-l- -. 4Jj_J_» 

_ (____.j_JI j-, « ,Y^W) (Q_wu ^ 5jj_*_aJt *j J____t ^y-a J>^->Lt j _ - < rtt l i.i - *l t £M__*1 J^Io j-Jujj 


(J_>.ljJLl r 1 a ~ a !j 4__j_L<jjJl cjIj " Tl _>j__t> ju j— >o »1 <i Ul I ^jSL^j < 

S^JJI j *1 .rirtll j__l_-- ALH 84001 ^j^-JI >^>J1 2Ll_w j_ 2UiliJLl 

jj| ^l . L0L4J 4 n j^J LgJ l C > i "m V Jl9 djLcl SLkjJlU l_jLL_J1 j-^-Jl> _j! ^i-j 
^j-4 Cj I j * ' 1 y JjJjJI l_J___j! __J1 4 j m i M L U_L_U jJi-u juj (j-i *1jj JjJjJI 
_____jj! ^yj jL£ _j1 . 4_j__T3_a1II j__s___0_J 4_uj__JI l-jIj! ,„U 4__Jj__ <____ ^Jbj <. f 

^l 5 j " iiTI j j---o mi II J>J~- «Lljjj cA^-I 4-_3j-_-_______l yjjJI 

^L-u-s- _/l _jl _L___c___-- J>1_5- ->JL}JL>_J <j_-_-4J i_j__>j_/L 4_aLL__jj1 JlLcj r r>rt ll 

t " ) Lu j_-~CJ 4jLt__>|j-J_yO 3jJ_J__3J -J&JL-U t_-*_s(jSJ1 (J-J £__-_____] I J j f L_Jj__7C--_J ^y-J^ 

. Cosmic rays 4_t_j£JI 4j____V| <. . nl 


(3ila3j ^ j y'A \ j y (i n 1 <i,lir t mi m <_-_-] 1 i*L-ujSvJ1 4_«_iiVl l_jL_j3__>. (jj 
t L_jLjjjj-j (j£. 3jLl___ 1 g olSt a (_-___ l*\ t>> ii tl (___J1 4-j_^-jL>JI L^jLo-iL 
. » j i M I 4_Cj-__i (j_* l_jj____j 4_Cjm-u_j I ^ tj <i>. (-dj-stjj *^jjlfltl Cjljjj iC_Ujj---LIJj 
Lol t Lgjl j-uG (jja (___c___4 j_i__ ^ i n>. (_£l _-__L_uj f.\ trtf\\\ 4_ujSJI 4_u__Vl JlV*nj 
JiLa (j5j->JI l_£>}L_J1 (j__j 3l_cu___j Lojj if-\ t's\'°\ < ul 4_uJL*JU j___>Jl -L____uljj 

(j-4 4jL->- j__jj jjj-A-J (3-1-3 jJ! <_£j_jJI l__i}__*JI <_,!>■ J . Lj£j_^ < rtUj ^jJI L-Uj 

o! Lc^ ^jSJI *-_____.Vl 
^LjjJ <___JI bombardment l________JI I ju_ _Pjjj *4_-jjj->JI 3 -__ruVl ^ ( T )L____-L_- 

4j ______>- <j--XJ CuLj J_Jl___cj p mi ->JI -_U j ___£ 4-JjjJI 4-JjjVt (jjs 3juJl_>. £j j_I 

(_£j-j>J| __£liL_J1 L_j___j_j (___J| 4j1 <j >J1 (jLLj /><_.,<-_> ^_____>JI j__Lj (_-_!->• 4-_ejLj 

4jj_ 4-Jjjt 4_j_jj-vJI 4 t 4_j gtUu _$jJ1 JjL-Ul (j _/1 l__3j__ju (j_*-Jj ♦ <j_3jS-J 

<_-J1 4jjjV| oju- 4j (Jiia____j) J_t_<i_____ _£jJ! JjlUI L_l__jI ^>-*j Lj__C t 3_JU_L>. 

4__*__lVl \ 4 y "t n ^.Ul 4_jjjVl _j1jL_J (j_-l j a 1 4 iL_LJjJ 4__a__j__jj .<_£>->.? jjf 
JLjJljhj 4_^__t_JI jLt-_>.Vl *1j_j_>J (j-Ltu < L4IL0 £j1jj JJLC l_U_1__j i*4_uj_J1 

Ll_4__j1 ^Jlji _L_fiJ iL-J-^lj-CJI (j__) £-_-____Jt J-jUC. Lfl ^ ( n l_^^L_->- J-_l_J (___-] I SjlII 

LAj_ejj ^l 4-JL_J1 4jL_>JIj 4__l_j£J1 5jL-iVI __aj_e l_jIj-jjG (J_uLj9 (jl . 4_J_>. j 
J_-.L f_J jLLaS/I l__->_) J^>*J dL____ ^jJI C-_3jJ1 JuJl_>o 4 j miJ (_>J->J1 ^^LiJI 
JLl~i l-U__jJ1 (j-a (_j <rt ^ ^--Cj i^U,L 4____j^Ls 1*1* (jJJLo l__^Lu___CI (jJjls j-C- Jj-UI 

ALH 84001 (j-^-jJJt j--a-__-Jl 4-jL-^-l lju_ j 3 .lJ__>_) CjIjlj 

4_u-u l__J I ^ V L-^j-j i4_LJj__JI 4 t,-).iVI jL__t_al l_-_>_j 4_u_o (jj-jLs ^ 0 j-5-j ^ < 

* Ljj-Sj j______J1 4_>.j j SLijSJI 4jL-V1 1 Ai^r 1 

i4_i-i__jjJLI Sj V intl LiLL» 4 U nj-ll 4 jl ajJI o1j-_____J1 JjJ->5 {jC (jjj LLo 

4_Ujf Jj-3 ^ji ^1_lJ__-__>V L^__bjJU ^jLiL Jjjj L_JLi__J *4_U-g (JAJ^L 0. i L_j.Q_t-_ 
(j-u-__J___JL jc-JJ___Jl>) ^- «t i>M 4 Jlrtl 4_loL___ J _,jJ jl o f Vl _ j__> L_JJJL_>- S -_-___ (j-iJ^_J 

(_-__!! 4_jjJt 4jjjVl jIjlcI (j-L_5 (jo *>>T> (___-]! ( radiometric dating « ( _-___.L____ J yi 
jj*_>Jl J__o 3j_5__i__> J_>-l-3 3_5j_>j_11 j___>L_JI (j t j T (_-___«__-V1 JLtjJI j-c r.^"') 
_jL_4J 4 nU " U Jj____>L_____J1 (j_-i jljjI U~n (jf Jj-_-j . ALH 84001 t'A\ 

Laj t4j£j-j_J1 jLc_>-Vl C_j! (jjl (j-4 ; J__a i^jjSJI LL____J1 4___lj_ Lul__ i4jfrt"Tt 
SL^LLoj 1 ^jlr __aj-t_J1 (j_a (j^ o"*i (jl jj_3__4j 4j Ljj 1 V" (j? 1 ^ X 0 j (jjjJI 


(jl£.j * »1 tniill j_a 4 U^LuJI jjJ_j<__J1 Jj__ j_4 Jj__>1 j_Lo ' *>^*\ Ljf_j£ (J_ojjl_j 
jL_> I jUl 4Jj _ i iij ^___jj jl 1 ( W <yj < I Jl_ljv '**''*"' 'j" -L_ 4 n j n -_J1 _»_!__> jl 

t3 j_~_J1 -*_1j_ jj_____jj ( jy ___>LU (_-__ Jlo* u *iU (a jaut-) j j*" <T(J (jJ jJI JL>jJl 
. <J o t nTI j_a ("<U j ^ jL*_>.| j__ S-Jljjlj jl JlL) jja 4_oL_JI _1jL___>J1 ^cjCj 
LjJl-C. ' jjj-3 4j^Aj JJ-_- : Jbo _M JjjJo ^LIaj j j*v sTt 1 T 4 <ij, \ nTI JjjJoJI i nTi 
^^^j-C 3jjj>-jJLI 4_jjj_iJI jj-ir inll ^j-^JU jj-i _--3 jj-> *.nj CLH^JjJ^ »1 <iU11 I JU 
_1 ii if VI (________*_) ^ jl r jL_C tpLi____Jl j_a Jjc__JL t-.U^ A Jl_3 (j_=jVl ~U,„ 

i 4_t*_>sL>. SjLj j_a jjSLo cosmos ^-jjS-JI ^IU i II jL U U mm>J1 jjjJLU j-__1jJI 
LJLLc jj_C_ (_-JJ1 4_»jjVl j__-_L_J1 jyi 4_lK ___J__i_j (quintessence «jj-j-^» j! 
jl c_-jt_j-__tl j_aJa iLiiJjLST j-joV| jl__C Ijlj . ^UIj ic_jlj__Ltlj .*lj_$Jlj ijLlll (____>j 
j-a mixtures 4_>.j__i I j_« j| t jj______> j_4 4_jj_L» 4jjI q ( M TI jljJLl jj-x_ jl ^j-jj 

,c_dJ__ _-Jj 4______/_ t Lj ,4_lj__j_ , I jj__j__JL ^iim, JJLJJ (j--Jlj * j__Lt_Uj JJJ_t____JI 

. S 1 fl U"-^__ jl jjj j__ »1 o i nTI j_o jL___-_M l_1_j <Un mM ( AJ^ 

<j-»jVl £jL__>. j_-> >l — l__5 ^j_______l Jj! j__ Halley _-JL__> jl_j_-_o1 jL__ 

JL»____1 _-JLb jt ^___j ^-Lj .4_jSj_JJ1 jL__>._ , 1 f__--1 lfljlr jlUj j^-jjl ^l mi^>U 
^L__ Jl___3 t4_Li_o VI (J__> (j__jV1 j-o 1 j j i ii i Lj_j-£i j-<jj ___jjJl 4_j_i__ IjJ j_o A ~jQ 

1^1^"' cpJ' tshooting stars l__^___JI ^L» 4_3jj_»II l_JjLuJ1 l-jIjlaI .na J_j^__j 

OJ-A j_oj . 1 j-^L>_i1 j_a 4-3 j___-__a (jJ-sLuo ^-..3 j j <?1l V <t j j____5 1 j_o 
j__ 4 iM n*i l___5jJ1 (____ ^jJ (__!!! i 4__*___L___Jl LiJjLtiJI jl (^-Jl 4jL1 ,„ OjLj-I 
JL-L4? _ JLC I^Vjiii jj£xj j| j-o JuV tjL_cS/1 CjIj miT irit; j__. JutoJ ^Jal^-a 

j? I jU (>> itl 4___L^JI l-jLij m.II ^jla Cj^[£ i_-JL_b _-J1 4 imwILj .4_ijL_JI ^ 

_-_3 «L_j|jjJJ (^Laj*./! -_^_-5__jJ1 j_a l_jj-_c__> J_____j» oK Mil Ljj ^ ______>. Vl L_1_J 

4-j^La) (j_« >LJ_J jLil i_-Jl_^J ^-al j___~l ^£j ^-J-Cj .(j-sjVl jLLaJ ^jL>. (j-oLuo 
(^-i-- j_J_-_-yi JjJj J-i^ljJ _-3->- JL_>JI J-^-_4 ______ 4 " j ( Xj_J_ IjjJwl JL_ tLjlsJI 

. WiY ^LaJI ___3 _-JL_> __3j j-a 4_LjjJo l_j!j_u-_ JLaj LfrL-ff 
(j_-l V m i-II j_a L_il_jL_-i J-JaJ J _ n i (WV J—JjJ j-a jjj mi tH j j_j1jJI (____ 

^-jjJJI l_jjj_>J1 Agen j_>.T SjJj j_4a 4j^_i_4 _____ < ^ miII j_a 4 MidsJUo Cj5LIj 
(j-->L_Jl1 J-L-JI 4__jjj___. jj__5__j-_ __!_- j-j-C. i_j___jL_j__a L_U_t JL_*jj . L_Lj__aJ 


£jjr>J\ j__c SLi_> qc 


^jJLc Lajj..,,-- ~ ^c____>. ^ylllj *4 j <;W II cj}L_>J11 ^jl__>J (____} ("< <i <njj i3jjL>d! 

*1j-_- Jj-__5___<- L-gjl _-J-C wL ^ mt l j_4 <"« Uri < <t (J---JI jjjr iML 4 n W *UI j^L-_L_Jl 
j-Aj iStlitZ jjj-luu (JjuLjjJuI (jjjJaJI j£l i \ $ i afi\ 4 } < ii II _--iJ .CjjJL>JI Jj ->.*_■- n ^ 
_>.!_* J_La jujjl. (j\ Jj_o*JLl j-lC (j_4 iljuk LuLaj _-__.» :4-*il i ( _yt_uj__il jjjLJL ^cJLc 

i iU)iA | jJL—U £-1 J I juljls tJU. ^-lcj .«cjjjl_>-JI 4l_j__5__* 4_i__s! ji_J1 cjL_5L>JI 
c_jj_l__J1 ^eJLc (j-*___jj_-4j L-ajj- t..a ^-jLj j .j '°> j__bj (Chlandi ^ j_*}L_} c__u_jjl j 
jutj i-u£j__UJI jL*_>.Vlj i ^ m.IIj 4 £U"U j^L_L_J1 cjLjU 41j1-kj iacoustics 
jl -r --VI l-JJj Luaj m %.j i(j__>j'_/l £jL_*>- j—>3 L_^__L__>f oj— -i 4_i i*r>j-_- 3j _b 

Ll t ii . .il C-_-)V J-_ _;j_i*>_i CjLL-l__* tjl ^uLj (_--_j • JljJl_>JLi 4 u ttl 4-j_£j__jjJ! 

. <-_£j_uJI jLs_>_'! J-— - 1 _,__) i j-___-LJ1 (j-_J 4_lI__ I ^Jj-u £-_-_-) ^J Lgjf VI i L i-jj-a 
(j_-i j i n _- j-iljJI ____ J_j Jl____jJLj t(j--jJl j_a , V n c j_4 j----?l a JL-ajj 

L J * 4j_V-JjwO VI J__J_>o! J-U (JJ-ii ^J.U ( ii |i jJL l jl fl *• J_4 ( 1 A * V j j <l r nj J 

4_--_-lL>. J-C -1 J t-U (J_U_J i L___Lu_L J__T 4jVj_) ^JJU-uJ 4jjjL-4 L_lj-__> ^ __-_->. I _Lj 7t ( n.\ 

(jl ojL < n j^LJu _ J-u 4_*_4L>. ___t ^L-uo-tSJ! !_1 " ( nl j-4_>-j . S j_o^_J-J I Yale J_u 
jljll (j_-i iKingsley ^j^JjS u . u _u--v _ 4__i_KJl 4 t Oy^h iSilliman 
j_i_jGj . LujJ-J jJL J^-j jjj (_-JI L_bljL_-} (jjj J-t-a^ lt-^^J iL_j_J ("(U^to ^y-JI 
j-Aj t c jj---uj j (j-uLojj j_u_ujJI (jl t(0 1 " **■ \<*> _y__ c_J j^ ui a 4_-u Jl_3 4__u____i 
jJJ-tlaJ JjL_- i( B - / --Uj_4 _*l (j-u-UjJI (. ( (^)a IjU j_4_4 ^JL-JI t Lii Jl-lo I ^J__cf Jl_~1 

(j-4>) 4-1 1 jjj__j JjvL>. (j_4 j-lj-- L_JjJj-_t_u 3jLC.Li) 
cLxU (jl (j.V <^i*i q\ j-C iL_J_A__JI (_____- 1 aj rtj (jl (j_S-CJ (°)(j\-£--j-^i VI 3jGL__VI 

.((cLuJI (j-4 C ( \n i fts 
L_JL_b jL_T i jj__i__uj SjlLi (_-_Lc jL__*__~_M 1 ^j*^ '"-Ual. ^ylll 3jl__JI pLu I ___t 
Jj in"n (jj_^j-_aj t3j-_L_i__i V L_u_-_? j__~ VI (j_c ^_AJu>.| „ \ % t\ (jj__.Ju>. jj_j___!j_-5 

Ij-^jl**"khI jl__j i(3_.Vl (jj_- 4 nl"i.^a Lljj juLc L_JjLt-JI trajectories cjIj! 
j-4___-j uJjLtJJI __J-cf _jl j_-4l=>y triangulation cjLJILI uL-> ^L-j (_>_>! j nll 

djuk j-jj t*i JlJLcj . ( j__>jVI jj-Ja Jl j 4 VI j_x> CjIj (m r jL_-_a-j 4_i-l ■ >. 4 _____c 

5jj ini ^J-sLji uJj-u jjj_4 julj 4_jjj__c jL_*__wV 4ult ^ L__)L__>L__-_t_SL L__)_J__o-iv_JLl 

JL_l_>o! ^L-Jj! ___C Ju _1 nil (___l!l i (i y^!\ j^ti (jl ^-1 " < iil ^c-jl-lo I . 4j_ j -r I 4 
j ^jlaj^l U i ii ^-Jj Vj_x__>j 4__4__L (_^ju>Jl l_3^__J1 j i r Cjj_4 J_3 3_JLjJ C 


6jJu_) cLulS 


^yjs <4j i m\j^J1 L'Aigle J-*_J 4JjJuo l_ ijJ- l_jjl_- ^Jaj jl__j , «lt ^ 

J o t (i < U < ..J jJo L_-u Jj__J j jt^ La JulC i *t A * V Jjjjl _>Jj n< ttlj (j-jLuJI 
4__uJL_- _JjL_uJI LaVT ot. 1 j j 1 Al^- A j 4___JLc Cj!j1 -r <n ii LjL_*__4 t4 j,.*M .__> 
JoL-ujl J_X_fl_>- ____ CjJl_>J! IjlA 4__jjjJLI j-Jjl n"itl jl mi"mI .Joj *i n.tl 

ikiU 1jLt->.f oj-o ^U__-i j-i-1 4.^3-^-11 jL*__-_M cjju t __^J_Jl _-o_l>_U 

. f. Lq i J I _)_« 

JLJJ j_J Jj I J _)*_ f 1 4_l__C La jjj * *l AVV j_j_*_3j_ _)_4 j ni r cJL_J! __JSg 

cA±_9lj!l j^jL-G cj j_£j i : >L_.jua L__>__>. Leonid meteor shower ^juJ! 

l_U_ jn^ JL__J . **L___u_0 J£ lJjLj-JI ^ys j_A£ 4jjj 3jL_*__J1 CjLj^jJI Jj--_ _--- 
_JjLj-JI CiMjl j» _)f t_lL_Jl *LJ_C >$_ol La _)Lc j___j iL_iLtjVl _wa Jujil *1j-^1 
j-Tl^ 1 Cj*}LL ,.V ^ CjIj_I_JI (j___*j _)l ^c-CjJI _-J-l t 4jj ) . 3jj_j__u jj___jj 

. jjjSo La jac _ya 1jLfc>l 
£____»! i?\ a i ntl _ya < " « U i A 4_j__j__j_J1 jL_*_>-_ , 1 _)l J o U tl j__ I _)! Jj__a_-4-iJ 
1j-_u__4 !_JlC _)V t miu lJJLuJL- . Lj) n m <_Aj_uJl 0*}L)1jJ1 Cj aJo- jIj-Cj t- m m 

3jl j i ii tl L-JjL_J1 ^__-ul LJL>- ^LJuJl I $Ac- JjlUj __IJ! tSj j t <^T1 ^L____*. _M _>^o 
_uj--_J 4jjJ— * ' L_4j 4 i_L> cjIjI iii _ ___ _)_uxv___J1 J^__>- jjju itneteoroids 
jl _ nt i-Jj-jj _j n "Tl _)l (j-__j| Ijlj *3jl j / ,. tl LiJjLuJI ^y* swarms («-j\j-ut)y> 

3j__l__i ^Lual i LLi-Tj_? __J1 4 t i.ii JL 1 1 jtn o*i ^LulIuj <L1_l j___i _)l_3 t_>I-»j VL 

LJ-J! ju>J1 c-l n,U» jLu_J1 -Jj^i-J SLcj^JI ^LJI ^LL^Sj^I ^jJjj .4-JLJl 

L_Jj-j-J1 jl, i i--a j_C jL.t "i^l ^jU"i * V CjljLjJLa :4_IjL_> 3jj_ju_u I m V i m" __JJ 

1 jl^J ram torce 4 ,.oLdl 3j__J1 JjuLi 4Ui<nia i4_xiLal _>^j ijL-uJI 

^ori^o^J^I^I^L-u^l -1jj3j>_- JL-C4___l_-_ ^LJI CJ _L__JJ ,^ i ii > JI 
^LljI ^C-__u>J1 ^j-La- < "1 _-J1 _)__J-_J1 lI___L__J1 (_^-lJ-J (_>JL>J1 _----_) i^L___- 4-Ll (*t i n 

4jLulj 4__uL_i_o__J! oL-j--jJLI p ^ ' f^>" _)l c____*jj .l$:>->JI ___i!>LiJI j_j_c 4-cL_ĕ-u1 

L_a}UJl __J1 LJju L_^1 l__j__- ^/-1 J_>J1 __JI prlir ,.r f J1 IjLA^-jSti J-jU-J 
iSjL-uJI L_JjL_Jl Lol . 4_^L!J! ^__3 «_______» JL_4 1 • ■ ^ * ^_Lj l_j_Cj____j (_£jj>J1 

.^Lc^jJJ 4 oU\L 3jjj_4 j-lC __-b^ ij__L___j LiLlj _>_4 j-J-it CjLcj ( »1 ) J rt " M (jr^- 3 
*Lj_jj____JI 4Un Jl 4jjj Lj< 4J U Jl__CJ ._;L____xJJ1 4__>.jjJ j-i>- m.1 __4__ lJJ-J 

j-o tmeteor cJj-J jl shooting star ujI ^ ^____1 L_^J_c _5lU'i __J1 4 *i-^j--*---l^ 


^jJ-JI _--C 6U> _* _UsuJ| 


4JLJ <___ j_aL__ <__*! < t ,0 ^tlj . LK j! Luj_>. Lsl tJ lj ,„11 _Jju_]l >-^u 

L_je_>- JUjj V ( <ty \ _>_ Sjl > c 4Ju JUaJJ 4^L__J1 <- ! j i^ -M _>__ Ijuaj 4_j__L__ 
_h« _-_ij < JL_j_aVl _>-- CjIj iii r — j _L_uj1 _.-_<- (^jj ipebble 31 _____ 

. 4i_ LtOj->J ____ ^jrijrtj jJ^I JJ-J ' J^-*~ J ^_AjJ L^ic ^- l 'J <_ (J.tsj 3jIj_*J| 
_>x> *_>-3>J ir*>Jl 4_*-j _---- ij_u_> _Ju_ _---- 4u_*j__uJt l_jIj_-u VI _>--*J. _gj**< >i j 
-*JL-_ Ju_~ ! jl JUo _>_»j Vl j j .,.,_* LaJir (4JL>JI _*ju_ ___ij ,3jL_|__JI L_jLjJj| 
(__J . —JjLuJt _y~ j_j-j__ j JL__ 4jjj j^ij__ <jt 1 ( << <n i4____ J_ 3j_4 l_j1j_-_i VI 
3t j_c-U _JLJJI (_ya J_J_JI 3___1, uia 4___j_3 LJ ^Lu i4J_i_ J_ CjIjJLI _>~ j_t__J| 

jJLu ^-lll j <0)Quadrantids oLu_*_u^JI Jm_~ t 4__>L>. 4_t_3_o _j}L1jj 
t a nU(Mif I ^ Y ^jj L_lju<5 jJLjj t ( v )Perseids _;jL«j_JIj i^Lu V ^jj 1^1 _;__, 
_v- j____ _>__1 miII Jj->- L-1 jl-~ 4t j_L_ j i( A )Leonids _ jIj.j mVl j 

_*_JL_> _,? jJLjj _-_!( 4jj1 0 < ull ^l jj _M _,JJ c_)Ij__ _ 1 _♦_!_. »Lo 1 <il j_j__j j . j 1 <i '^jj 

_>_>jVl 4j_ l£]j_*_j (_; jJI _L>_VI ____ , u " «" J_^L_ ___j * L_4_q j___ _JjL_J1 
JL-3-I j_~ _>__j _M Ct tloLoj _)l (j-i-l Ijjj , 3jL__J1 _JjL_I1 l_jj___ __Jj 4 1 iM*r1L 
JjIjJI <j j£L___ ; 3jLj 1 n 11 —JjLuJL i4_j_>L>. 4____j i4_j__ 4___ J__ _jl >__Vl 

. ^ AVV ^Lc __ii 1 Vj 1 o_ I £-A _JJ__ L_ tjjn*tj IjLjJui jjLJI _-->j-uJl 
<:! J4JI _jl Atu ( id _J1 _Lt_ Jlj _jt 4___u — 4jjL j_l_ 3jJjl_j _____ LL^__ (jl 

_ _i__lj_3 _lj- (jr— — L<jL_- I _)_yj__ _llj *«S_JJ_ _)L_? I jLo» jL_uJ _)1j i _ JUluJ 

V * ^Lajjl _J_- j. .-t-LLJ *3jU>-1j 4_u_>jj ____ tfj_la^ Jujj V Lojj ^u_-_*- __o L__u 
i_jjj__) LjjJj_>Jl 4 t -- J!__ ( n >J1 1jL_> f^*-=- _}LiT Llj .l__Sij__ ^l j a 0 • _JI 

trail ^Lj ^ljj l_J_3_j jjJ___Jl jJL l_jL^____ _;l 4«4jjL 3j__?» jJLl_» 4___4__t-_-u-_ 

i( _;j^>JI (__5— Jl j^i£. djj^JJ Jt ^rr -JJ _)l ^jae_>JI Ijl^j p i n -^J ^j^LcjJ '4_J_ _i1j_J 
3_U1 _yi Jl-J T * * JL__j1 Lol . Ki tL 4-4____jj! JL__ ___j-u j_?c_- _,JI _j__jj<i 

^L_ «■^jtCij-? c_jj___ (^jJI ^J-e-^ jr 0 J-*- 1 'o^j^ 1 -t 3 ! 

(^jJI _,n uU <ij->JI Cyi j-JJ^J J-^t 4_j- (_;_ <_-Jjt ^ki > JJ^J «^iU^M 4 * \ A * V 

!_!__- _yfl _jL__> VI _jL__4 _)_5jV1 L_Jj___J t^JJ J_ ___ J . _>_3jVl ^J-l 4 jlc J **( ,t J 

_y» J-^l u>j _ j_uj_>» _jj_-> __- Luj_j L4K imeteorite debris 4_i^j_uJl jL*_-Vl 

jjj _jj 5 j <j y\\ j|_5c__-V1 -_JL_> __4 4_j____ 4__j___*_4 _Jl__5j .3JL_-Ij 4___jj1 

. _^J____^Lj _)Lj _j_j-4_ll t r _-lj-*JJ ^-4__j f<js_>- ^-S (_-—_} *^>--*1 jl ^jLi 


jjj _jjj__ljJLt j <Tu 11 1 t<j_j Mittl (jj__J1 oL! juj j> mit j___,L_Jl _jj-_J1 ^L^j ^joj 

^juk <j-ajtj jj£_3j .4— ji.tl jLao.Vl L-al mi "^l _-Ja 4-_l__L_JI _jj j «Jl 

tjJc -Oj^-jJJ jj.y i,nft (j£. 4J0 jaLo Sjj_l__j <-__i__!-J V (_^--t Jj-** <^tt (j_o ___jL__J 
jJ-*^! tht i (jjSLli La-Lu t^jJuJLtj j_i*j__J1 (j_o £_jj_-i (j-« OJ^- ^ . < ^ >t Ji 1 *o*°J 
C-uJj (j-ajVl ^lii» (_-_c _j_tL_JLL 4-L_iJt jl^ll (jf jLlcLj .(jJLsJLl (j_o l-JUJI ^ 
L-fll rji.J ^l (jl C-UJ i \ n 4 t4_A_ljJJi J--__>Jl o!j JJ V i^ II J----J La_4 j----»f J-^-J-t 

,4jja..,^J1 «-^j>ji-l jL_*_>.V| ^ jjSSLi J$-__1 _pL_JLL 4_uiil jL^Vi 

^j-O l_-_Jc-t_> L-l__j-_U !j-J?-->- 0) (Jj-JJ CjjJJj J! j-J__0 _M L-J-W t ^AW ^_L-C (_-J_J 

^ planetariom 4jjL o ,__JI 4^11 ^ Li___jjjl_o Jijj V i-Jjjjj-J ^-Jl ju>L-jj__> 

__J_< 4__a_ _£j-_>_j (_-^ja- j-J3cj>- j_i^l j i " t j 4_Li- 4 Ll_o V"l jJlu _£jJ1 4_>jjJj , _jJLjL_> 
3 JL*J 4_l_o ^q_V __.! Jl-vIj ( ^ ;r _^j__u j-~~->- _£j-<_- ^-2e__>J! ____ 4_ti__ JU j_J Vj ijcjjL-lIt 
Lal .4 jj. 't*£ - (_£jJ1 4 i <i (jL-JLI _-_3 1 jj j oL_ __J_ jj-SJUo ( n <«Vi J-j-Sj tOlj-A 

J-Jl4j ,„ M 4 j<lntl oM_>JLU iBjjL r,,,.jl'4 3 j__JL-__JI ^La^j-jJJI jL*_>._M 

CJJb J_Lo Lgj-3 j j___-jJLJ t(jjJ_4__>JLi jLa__>. _M ^^jl-oL^. oLjLcL 
SU_3__>. ju-^Vl jLfc->Vi <jC t_>Lo (j_£J .4JjJ_j_>a jLl__! JjLU 

U>»_t jUa^I ,gthijt 

JUjLii i4_uL_Ji _-J- SJUJLC JL_U0l 4-Cj i a) (j-3jVL (^J-U jJ*_>. ^Joujj LoJUC 
J_3 ^JLtJI j-uLaJi (j( ^j-ii ^-CjJl _____ J j_^J_c __JL__ojl! j-u L__]i (jj^J (j! Cy* 
4_^j\_uJI 4_Aj_-JI (jj-Cj (__JJ (_$jJl ^ju-JI j-_5__>J! _-JJ>-J .j-)J ^ j ju-C ^-J-JJ 

JjoLj_ J-ys __JI L__j____i Jj___j ^-oJI j t LjjjjI 4jVj ^ 3j j ^ u<tl Meteor Crater 

^j-O ^J 4j( J_<M->JL1 (j-4 t4j__u L__Jl 0 * J_2fcJ jlL- (j_Sj _*L ^oJ__Jjl La_)L_C l Luj-J-J 

_^il__j 1 o j 4 jjj-t-uuu 1jjL_> (jj jJi JLjjuLuJI _jL__jJ ^j-o L__jL__u ! (^yJa j-xi-3 4J 

Ij-A ^-*->- (j? Jt>-jJLl (>aj .4 j w>-Vl (jtj-LJlj (Jj->.Vl CjLVjJ! ^u_i1 (j^l 4_J_- 
4jjj jjj ^oJj «lUrt 4» *)Jjl__JI ^ij-^l J->. I ^0--t_>- _-J-_- Jujj _^S_j ^oj ^ < ,i >Jt 

LjJ-jla j_-_xj jt ^t jlL_-__-VI jlLc (jlSin" 4__Lcf (jl it t(_J_- L__Jf V * _-___ Ij-jJ--^ 
(>o *(j^>jVt _-__- 4__uL__J! jj-*jJ1 J!jLj . L^jjL_-f _-_JI 4_L»l_ij-_J! 4-_>j__JI __->J 

(jC 1 (j ,>it; JUljj o!j-___ __!__ L_j_>j_o ___-U-_Jji Jl_ 4-^jI mi o LaL-u_>( (jl J-o-l>JL! 
(^-j-j—u j >:_"- ^Llaujt j-J_3Lj Jj V-_tlt i(jVtj *_>i >M>tt _)_o l__W1 CjIj mi r jn») 


i«^±ul\ J^>J1» I J-* __£-u_i -O^J-"! Cr^ J J<m , j,. , '^ (jL__ 4JjJ_, (-«j 

<>»L---_1 cr^j - ( asteroids __1j^*___J1) __Lj_uj_J1 j___l Uj tJ J^\ ^ 
3j_L_ 4_Ljfc]j Sj_£ ^j iComets __L_u_lU ___-! jl _ S j j j< 4_a£^, jL_-t___| jsj_*-_a 
_>__ L^i___b J__ U (jjjj__J1 jj___- i _«----j j^L?-' tly U-^__j_c _-_ jj<" n 
(j-c JSU -J__ __Ijl_-I _-J-- 3j_L_ U__J iJSLoJLI ^__>JI __l_ _oL_L i <_| ______" 

__J_ i i n*^ i J L|_~l Sj inf OjJ__i jjjj ^iii^ L_J__J_U ^___JjJ L-JU__J ._>__J_1 

jl Lg^j j 3 * J--*-^l J-^L ^cJ__j1 _j» J-"' -L^J^l ^Jj-j cr 1 ! 

(JJ-_ ~-lx.j_-_J Lbjl < ,i - £-jli- J_u_hXI _ Li_o _yj 4_ut£La JL_a 1 _jL_____ __J1 L-_-jJll 

_^ j___L 4_,LL__j1 j___ __jl__j U L^Li_A _j_j_ L jj_L____< _JJ _J i__j___J1 2__j___ 
3 j---c L__jJ___ 4_t_L_ ( __iL__JI ^ < m-»JI j___3__lx_ i_j^_JL>Jl ^yi ^j . __1jL_J1 
,_JL__ ^L__jj*_ 1 __jl_- 1_1 tL__j| __L__j__>J1 ___j -_£j_>J1 l__^___!I ___ JLj_«f 
4ftUftl --L-V -U-pJLl jl -iM-JI UIj^.mm,,, ___J1 j^LajJI JMi-j 

d_iLajJI jj___-__JI _yi 4J_L_ 4 i q< jL__ < L_$__j^__i __]! j^JlUI ^ , „ ^Tl _£_| ___J1 

4_»_ij_Lo t 3j_t__]| j_j__ j__jj____ f L<_j_ j - j-S _ I __L_j*>_>J1 _."i r-j ((_j1j-_J1j igrit 

jJ-u __L__L_Jj1 __JI 1 ^jU _-ta___jj . ^L__Jj *_*l 3j__ J_-_o _j__j _M -J_x__ (j_4 SjJb 

_p_j _f1 c -jl***t _-JJ Lq_j__- jj__ _/! __L^_j___>J1 _£_j_____ t JL_,Vl ____, jf __1^___. 

jLJI ^j____j _>1 1 _ f< <1 J ___Jlj t4_«_>a*MJl 3jL-Jl __Lj____>J1 (j_4 4\jjJ__x___a Jjjf___j 

i3j__uL__J1 __jLj_j____>JI Loi ,^______J1 ^JI L4_-jj>.j ^Liiil ^paj. 1 ! __LL__ ____ 

i^JL_*JI ^1____1 <i -v _._- j <V < n _)t _>_UJLl _j-c--- i_j^-->yt lt- 0 - L*>-----f (jr^J 

*_! (j-aj-M -J___- __JI ji^ju tblack soot _j__/i ^L_*___j ^^>J1 ^}L_J1 ^ ^U;_ 

l_LL_ ^_se__- j-J__j__ <___ __j gjjj, r. _j 1 j-u-oJ j 1 jj <j '**J 4__j__ Uo JJ-u i-1 1 1 _____ 

L^_Jj (jJ C^*i dlljS . J_4_i_>J,1 -L_4 _>>- ^L-Jj -l-jj 4jt_u Jjl__j _4__ i__Lxw_t_j>J1 
_yj clj-^JI _j < o "m _y---- Jj-a- J--1 Sj " n t 4__,L_L _, <<j__*l ^Mloj __J1 ^La- <mT1 
JjJL__j jLaJi __J1 _^_jj _jl _»jj Ju >Vl 1 JL-^J _>__cjj . Ll-5_jjJu 4 r <i <*n ( *^ j tn n 

_-_! (jnj *" ___JI 4JL__J1 __Lu__JI (_JJj & L_1____L i 4_pJ1 __Lu__JI ^s^y ^L->- _,-*» 

. J-o__ Jjjs (3<it; 4j jj?t i^ll _jj n miH ^.i. (jluju _-_11 jl __Ua-u>_l1 _3|Lq__.1 

* JL_j_>J1 <j-o -__uj jjj__=__4 jJ-jj jpjl m i (iTI 1 j__ jL__ t__l__j VI _>_- 0-3 j _-_5j 

^L__>. VI £_Uj 4j>jJL) Ij-u^ frL____JI (jSo ^tj jJ i_J Jl-cj _jl _>S_cj L<* jL4__*V r<-o____- 

iJL- __icj .cjVL-J1 _j_, _^J__*JI ^LiJI <ya _>_=jVL ^LI-jj^I _y> ^U___JI 


6jiu0 *_o__i 


Lgjf <___. impact theory ^L__jV1 4jjJ_j c> > nj_ < jjj_i_>. jM jj \ n ttl J}L___ 

2Lj__j J i n 3 .<j_ijVl 4__>-j ^.lc ^-l Jl ^Polj—oj^l CjL, jl o r j $ <"tV j i iii <*n 
4_laj___ L *J L ~jJ*j jl JLjjcj I gj uir _ji__ jjjj <__iJj-> ^J_Jj1 i4__u jj jl a jrj-__jj*-j 

fossil records 4^j__*.Vl cjjvL__J1 j^^j . _L_x_JLl ^Ja u^^J^ *>i5^* O^' 

L^j— 1 ^ri**!^! 3j_ _) _— i^Lww (j__»1j__u1 4_lLq_i C—Laljj JL_ 4_j_u>JI _»Jl_- jl 

L_5jJ_'1 _J__0 J_t_U J*>Lv (J^J-M <____ 4_L>J1 ^ljj -1 ^-L<1V j>s <b jl {f\ i uj *^ *j_>. 
Jo '"»" j • — JJ j j_4 ^J—t-l _jVj_J_4J j£>^ J-_- _JJj jl J-4-__>JI j-«J i(jhJ__Jl jjl 

10 JlU C_ij_- __jj| ^Lx_*JI _>_»! jJ_)Vl 5j_3 J!>L~ C-i-oJ 4_pJl CjL_jL_J1 

*-J___JL_J1 4_<__ c_L__1 ^-Jl idinosaurs CjIjj <_>LjjJ1 £jj -ilj-al jjuL 
j_a L___jL___f jL_" jru_ <___ i4__u jj jL 4_l_o ^ylc jj)j 5jJ tbod chain 4_j_l jJJl 
* grubs 4jjjjJI cjL_ j_JI j cjIj-u. ->J1 jjjL__u_j ( n ) 4jLjJL 4_^_j___J1 cjLujJJI 
0-° £>- jj-i---' 6jV j " V Lj-wjJj-ljJ I ^LJc j jt u^i ' 

(j_>lj__jVI 4 jU r jl J-_~^L jl I i , i *C <n t3L_L_>J1 Jl_j__ (___- __£U o1jj__oLlJ jJI 

.(4jJui_lII Cj1jj___«L_jjJLj ____ oS__ (_-_L_>J1 
jru (__j-lx_ JoLujl JljJ—*— jy- jV1 0 Y ) L_>- jJ j_UjjJ LJ 1 g-1 olr j>_L_J ^cJ 

jL_ tjL- (jjlcj . 4___ j^jlo 10 Jj_3 CjIjj-u-LojJI ^LL-j JjL^il ^U_jjV1 
^-__>JI j)1 ^-L ^JLJI ^Leul J-t-c_>. ^—S CjJ_>-J (___!! 4Jj*_l j-o tL _lojJl (J>jU__J1 

j_«j i^j__>J1 l__^LJJI ^jJI 4jjL_o j_« I i^i jl Ut (j_->jV_j ^ jJ____1 _;jJl 

1^_-- J jJ jJ_J1 ^h» <t jJ--t JL-_ * bjL_*_A (j_» jVi ^ CJ j-______I _JL_- 

Lol . Lu__»j_L JjL ^UojjI j>__ j__j (j^1j__jV1 1 jui> jL i(_-_Lo_>J1 (j_ilj__j" > _*l 

4___i j j , j I xt T * Julj <____ (•."),! ^-jJI t ^j_>-Vl ^«cLj-jjJI (jlslj-Jij^l Cj^L_>. 
jl__ * jru__J1 j_o 5j_j_-S/1 jru^Lll CjLLo ^_x__j J">L>. _>-_»_i j_o I t i LjjJ_j 
^_-j . LsLq_i 4-__J____4 L— 1 1 j i it I jjC jl — ^L__Jj'*i1 j_a 4____j £j-J1 j-C C < ) jj_— 
4jjL_J j)| j— Lc_) LbC ^Lo-U CJ JL5—JJ Cj1jJ__3__jjJ1 (j_o1j-__j1 jL_a i J , ^- i l^ ^ 

i J__>JI j i ii >i!j . j-jju j— -I (j-JI jl j—a i(j__)j*i/Lj pL_—J1 j-« 4___iL^J1 jL_5___ _1 

jl LcS t ^c-^_->Jl _j-jjL__J1 lJjj j-o SjJlj jJl£l 4q> iMI 4_^_lJ1 jLst_-Vl jLfl 
(^—-i .CjI i*v jjSJL lg"< j o < <n 1 t a jSLcJ 4_—jjJ lj ji ^ L<_rae_- (__J' ^L_c>-"_^l 

jL„ jr _Jjj j_« 4 o > 4j_j_c ^-lc Jj_u__>J1 Ljjjl Ljj • U^J-« Sj-u J---1 

, 4__j_j_Lo ^Lt_- I CjI j 4u_j_J jLt— -.1 j_c C <.t i \ 1 L(jlt*^ t4jjL<; < n 11 


(j^J . (jlaj^l w ^ jj_J__a__JI ol____ jJl-I (j-U ^ J ^J^--^ jl f ^-S/l < ^ \ . *~ 

t*&\ ( m^jJUI <y_ a__>j_3-J* 2jj i n ) t n I" V J 1 1 JuJ- r- ij t ^yj L>_o-i5U 1 Lg_x-L__j_j 
j_l_"t 4_i^j u II jLfc_3.Vl ^S-^ i _P 3 J- t ' je___ui ^jir. 3jj__>.jlJ jjj^ i^t tl _.__._* 
3j_iL__J1 l^jjJoU l^ /^jjlJ 2b* mi degradation 4jjjOJIj P r ) AjjalU 4__l__> jjc 

4-j__>J^_l_J| jL*_>- Vl (j_-c (_ itl _ya ^j^Lsi-^o ^jl 1 n j n ~*\\ ^jLL-bj . 1 1 1 ^ j-_C (j-Lc 
JL>-1 1 ^ j Vi - -j _j( (j-Lgj V 4 jl o f lt^J *-l*-J$J-I 4^1 r (i «aj 4 i » ts> 4 j 1 <i r. 

3 j U fi 1 1 3jl__L__ ^jj ->j jjlojS/l «Un q jljwIj jLSLc . J-«aL__i ^Ijjlj 4 < ^ <\ 

jj oJLh^ --UL-i-! l_Jj__ _ya .i l^ .4 J <_--JI 4 «j1miH 

. Antarctic ^^L^JI t^UStl i^J^UJI 


30" 0* 30° 



150* 180° 150* 


jJjj-aS-4 -_t_-i . . LS.j-LSjUjI ^ 4 > _i -j J * « <L-_-J_JJ I j L>__* V ) Jj__i_-» ^Jlj-- -___Jj_>J1 £•___■ j-$1-J 

j-4 "j-jj a - ^jj-c ( j i tt <*-_<-_• _-JLc (SjLaJI jUJj __i_ ^--^lj-jjJI __-il_lt J-Sjll <-_j (McMurdo Station 
^j-iJLkJI __»L__J1 pLSj j-y tAllan Hills J-U-a 0- i JiUu i_u;Vl S-j-SJ-JJI jL_*__-Vl J>-L_- 
j _ <j _*.ti -l_^__-4-_>JI j^» jj^Lj) Reckling Moraine ^j-jJ-kJI ^JU-Cj; f LSjj (Elephant Moraine 

.(Meteoritical Society 


l1iL_{jJI a i ii a ^ n t i>> jJuj (j--J1 i4_j_jjJL>JI 4 j jUn 11 (j__>j _M 4A"t < jl 
4_jjLxLw 4 n i U _y3 4_j___jL__jI 3jj trt t jj-^ i£*j_jjVlj __jL-__J1 4jjL_JI 3, 1 >- *j.U 
4 j i j i iij-j L__»L__tl_________jj 1 $\ * • -< *___*__} IjJ I 3jL__J1 ^ Uin (j*^t j a t i r •- 

. * 1 j-__*-_____> 3jl i r 4__ujJj>JI 4_j___I_____JI 3jL__J1 ^U» a (jLJ_ *Percipitation 
(j_« lj jl9 3jl___tl ____l_u iL__p£jl__t| 3jL_u ___u_>JLl (j_4 l_u_»j-__! I JL_jj_JuJI f 1 *V< . j 

(_"! _-i^J «(j U 'i miIj 4-j_Cjj_-i _?1 4-_4-*_->L-*JI _-i_- < U j flj L*_~ J_>! Ljl_-u Jl_J_>J| 
Jl__ ___J1 3j1j—>J1 l_jL>.j_j . ^ n i j j! (__-!! Jjxj J_a--L < n**( U Jl_J_>J1 jL_- tJL-- 

> U i $~ t jjLj (_-__ Ll_3j L__U-t__J1 ^Lj t J-L-H (____ JL_V_5__J1 j_gj1 i ii 3 J— ^L_J_5 J_i_JjJ 

1 j *jjU 1 rt jor 1 J_i, g >_. j-5jJ Lo_4 tpi "i nitl (_-_- OjL^Jj-^J_ 4_>.j j \ t * (j___i_L _JJ 
<*i^j_i_J1 jLt__Vl mi<" .„.>| Lii.i <1L 4 1 >h rtH ___ l<j"<<jl__t 4___l__Laj 

(^j_1_>_j _--Jlj * jl_J_>J1 J}L>. (j__o _-jj tr*i}\ t .U^H 3j_jL_J1 (JL__*J1 jj__ p i^.j 
(j__J1j ^nunataks ( u )«4 j t»A*UI f____J1» 4Jjj__.a l_jL_-__u ^_*j ^-__ _-!_-. 

OrUJ .j ^r jtl _>L_>uL J___*}U _ 0 U j 1 1 L__jl JL_s__1 *Lu! 4_o_J_J1 4 njUtl -r\.t n*j 
^L___jj1 ^jL-. j 4 4_j___5eJ_J I 4 n jUU j__*__JI (j_4 4-_oj_I-Jl l-jLI $\\\ J <_u»l"U ^_-J1 
-^l Jl_J_>JI )> (j_A ,3__>L_-4 j___j ij__5e__J1 -t U . ii 3jJ3 L_Aj_-t_ jl Jl__5 l__"_!T "\ 
(j____j (J-L-jjj . JuL>JI (j__ ^JjJI (j (i << t 4J_u_>1 jj-o 3jj tn \ 4jjJ_J1 ^LjJI ^J--- *-*«j~- 
1jJ__j i4-j_?j_j_J1 jL_5t__vVl J jU 4_j_j|j>s (j-ULL* jJlA 3j3^' J-fL>J1 Jj ^ J " 
j__x<j-_ __J1 JjJj 4_ocJiI1 jc^c-iJI Jj-_- ^JlJ_>11 4 niUH 4'jU.I1 4_Tj__>J1 jl ^\ 

j_4 i___j_a_j j! 3j___-_J1 ^ljJU _-JJ 43L__>V_j .spatially 4_^j_Lj1 jL«-Vl 
(jlj-i-T j^La_>. jl>.jj t_-jj i^H * -U^U 3jjLtJ1 JL_>J1 (j_4 4_jljj___J1 Jj_5_>JI l_JJj 
Queen Maud jl__ jj_a t jjj_-' _-_» *3jL_J1 _ys j__>.^1 l_-JL_>JI <Ja jjj _1 jiM^lt 
jLj__*JI ^L_>ul Jjjjt-1) (jj__>-Vl °) 4_j_a1j_-ij .UI1 jjljjtJI ^j__j l___l_>. iLand 

. JUi^iJ fr (^-J___J1 

j_4 3jjVl J-J_>J1 Jj-_-_- C1_^_-1j! i^LAj iU 4jM_J1 jj n ttt J>L__j 

Lj__Jj_JLJ 1 j_4j LJL_>. CjLLuJI <5 JU_ (j-4 J< J__V-5_JJ ♦ (^j-JJ j__5t__>- __3 _ I 3j 1^1 C 

4-i-l i**i *j<1 4JL_o __J1 j j t^ij f<_9j 4_Jj *lj_jj___-. 4_juj! __Jj JL3-1 j __3j_>. j_4 Lj£La 

j_?_->JI * JLIU J j i i u ^jLc. . j__~_>JJ _-5j-j_J1 j_st_>JI (_-JL_ l_3j_j__J1 ____ujjj 
^ > <\A"\ r Lc 4__J__. jJLjJ ^j^u j^r___- (__JL ja MAC 86002 ^j ^j^JI 


jj*-->JI _>a Y88141 ^jjJI j-«JIj (Macalpine Hills jJ_u_> cnJl^Lo 4_i__i, 
(jj>£ _,_- Yamato jjL»L JLl.». lt- { ^"""^Uj ^ ^AA ^UJ ^ 1 ^ ^Jaj (^j__LJi 

_>_<3 <-_lj--U La _JLL-bJ . (^jJ J^-^*" <---V( <Cu_« (j_o J-L-J < rt m,7s1 <-m->- * JL_V J>J-a 
ijM- <j--- J^>« Cr- >~- ALH (^--Jj^JI >*jJI J-«->J cAhH J~~~ <_r--f 

31 <i ,mI,Ij __jj_L>J1 < (Ulrl 1 3jjL_JI JL_>JI 5 1 f ii I f (i ___a (spur) <j__j _>_<j 4-jjJLo 

(_^JL_J-»Jl J rt *»J1 - 4 j r j-Ja ^JjoLLa j_jj| (jjCt I j_- (jj___jj . jJ_ui> <jVT 

__j__j JL9j > M m ^>V1 (_jj_J_JIj n U f f>jVl ^j-JlJIj i (___>_*! (_jj-Jl!Ij t _- i m J JjJl 

1 <W * <_*___ cru L» 4 jJLa oVT 5 aU;« <-_■ cr J/V1 5 j nX" ,„VI l_I i *_J1 
-_lj< mJI ___j <j-L-- <jVl 4 rtUi<u _ y .u-_jjjJl m; jl-j-UJI Jn ->J1 __J__, t ^ ^VAj 

(jr^J *L$0 _> '-^ 4jjV___II 4jju_>J| Jj__L>J1 Jo mh! jj4_>JI £» j__ t f t ifijJ i4___-.jL!l 

J___u/VI e-ijJLJI ^JLJL>Ji J___-J1 <> ^j-JlJI >«JI < ^ VU r ___ 

4jjAj JLjuj . j ^ nll ^jja • U ■ ^ 4jI jJL>- (__>j_u j-~--~ Jjl ijjL-A (jVT 4__LaJxJ 

. jJj-b <jVT (jxj 4jj_1™ (____. j_>-I m^JliL*. J__- _-- JJ-*VI j--JI J-&-- *f*_--l_po 

?)NMlV Jft-d1 ^ic J*_-< J tal >_- 

^ ^UJI Jjb ef_JI >--->JI jj-j <ALH 84001 ^j^Jl >«JI c-L- j_L_. 

Jj_<j 4jLa jjt_ Juu <__]__ tjJj__ _)VT 4 rtUroj (J _j__J__ t l ^jJJI m^JlJLJI J_L>JI 
_,_5j » 4 j j U )t 1 1 3jl__JI (____. __ < m j^jJl o i«ll j-^jJ.1 cr^i i J3jj_<iSLo 4__x3t_a 

___i lj____c Score jjCn Ljjjj cJl__* tL^L_J__^l Lla 4_j__ j___>J m; jJI ^j-JI 

J1_<J p j 1"' A J *4_^jw_l_!I jL_*_>-Vl (_>__ ^jj j n*n jljJsi 4_jt-j__u ^yi J_)j£J jjj—S 
JL^_a_il 4_3__uu ^l (^-J- La L^L______Lo _jl J§j_-JI d JL- j i " »3 t JL_>J1 0 nl mT< <a 

3ljJLl ^JJ J_____JI i_f inl^ *4__ol_>JI L_wJl__1j__i L-^J 3j ^ mJI (jl ^l i(Jr _:Li__>Jl 

. JjjjJJI ^L____l (j-4 3 Jlj_~jJI 

Jj_j_L?_J 4__oj__II ' jj^ ■ " (( (_-JJJ « Lj-Jjj ( w f n^" i nl Jl__- iL_J_ (__JI 4__L__yijj 

4_j_l___J1 4_i_j_jJ1 jL__- _*! 4___ijj ___a \$ \ i^i^ __J1 olj/ 1 mH JM-L _y ^ j 6 - » 1 1 

j_Lo ^L____U (jj i .J j_>- j_jj_d jLac_>. VI 0 J__ "_4 J_<j--j CJ__ JL___ : 4«jjj__fcJ| 
4jVj (j-4 ( "f n "t ^ 1 J .C. jjjJL- 4_Lj Jl_4 ___ _U_.j___.jJj JJ-—- -JjJj * ^ ^VA ^l—C 
i L)L?_j___Li-c 4jVj 4jLjal_>. ___ __Jj VI 4_uljqL>JI 1 {ft ) t » ^L____ juu (jLst- Lurn fl 
: L^J jiu ^L VI _JJj jJ^Jujj ._^_jjL>_)I _>-jJ 4_Ij __Jt cJ___ilj cU_-iL>Jl _^j_— - 


_--_ 4___uljjJI (__J1 l_jJl__ ^j t(jl < i n _j| l__J__J -oLj-C ___■ 3jL__l im^ SjJLuJ l___L-l_1)> 

.«_jL___f 4 t j i i r> f (j^J UCLA ^^i^ol ^j-jjJ (_-__ (i JL_I 4.,_.-t__>. 

t<-__-J Jj-a-* ____ jj-Llu L__J_>j__itj1 t ^j„jV.,,"it 5 ^ U"tl oljj___-U Jl_>J jjl y "Jj 

___, o ^t^ V" "t 4 j < ^jU L^aljutl cj j-luc, L, (jLc j___.j tgeology 1 j >jJj j >JI 

jL*__-.Vl j^j-A _-__ 4 ajUj ^-lc r,\ <^-~ t(jr jKjitj j )c )) : Jj-2ljj ♦ L__^ jJj-l_>J I 
j___u_C 4*t < ii 3 jJL l_JL____ l_-j__ljj _ (j j" r if J--L-b 4j_> JL<u _Ljjj-L_»J1 4_l_lL____J1 4_l_j_ajJ| 
j-Tj^s l____1j_4 :3jujl>. ^njUj ^-Jl jj-*--- __JL__u1 t )W\ ^Lc ---Jj->- (_-i_j . « LaLc 
Crary j r, ^ j__>j i-^jJLjJl 4 j .U^ll SjLSJI ^ u ,n njJI l_jL_*_»V| 

(>q jjj-j o-~"^! Ji^ t i£jb--' ^-j-^T (<JL*JI ^_JJ 4_l___) iLaboratory 

4 U>- a Sj -V <i o (_gjlj_^ j j " ,, ? -_ <y Jl_ajj . ^L_4____J1 l_-J____JIj (^jJi_>J1 < < U nll 

L_-J____J1 L__Ll_L__J1 ^JLUJ-A J^Lsw L__J^?1 _-J_C 1-4-1 K i ii JjLC JUjJ (__!]! * jjjj_«___-l 

(j-_L_J1 j_-JLc L_3j-_t__j » : L-^j-JL) _dJj jj-__jj .(jjIj_j_3 (^JI j_j_*___j__ (j-«) (___>j_L>Jl 

^_£_}L__L I j__-.J (__-*--« (jjjLLiJI L_x_*_JJ .^.-M ^iUj ^j-O J J _ Ml (J^V Ml^ 

. « JL>-1j ^jJI (^--j-J r^-JJ J-C-U-uJ ^jLj-o! 



^-lc __j-____- L^jl-c jl y\ 


U (-JJ L^^j^ji ( __ Jl 5_L_ J IJj-jj; r.MUM <^Ai -_-jj--- t-_ 
.(j__LL_. ^jb :j>___ll) ALH 84001 5U__1I -u > ______J'l 


£jj-JI ,__c 6l__> qc ___ajJI 


j_3e_-.^LI 3_1 j 1 g*i i^<i *JuJ JJ^ '" 4jj_I>J _£jJl C . j3jjJ1 _jt ^--oljJI /j^a 

^^j-jj j-*->- Jjt ____ _jj_pLLJ1 cLJjlII j-_c ju__ t IjLu^o L*1j_sj_ _j__ 4_L£j_uJ1 

j.iUntl ^-3 ^LLaJJl ^-jl-JjJI lj>Lu>JI J^^^ j-Lc Kj"<jL___I ^ 

m~\ >Lc l_£j--- 1 JUJ ^J __JJ__>J1 
Lx4_cul) ^j! n iVi^ ^j • - j _jj"< ^LJI (*m -v iL__)lj_i__j l_j5Lj ~_aLj__-Jl 

jJL___Vl l-J_jJ 4 j mi ilL S_L>.ljj 3 J_> 1 jj iSj-u-sJ*! 4_^j_uJI jLse_%. Vl ^JI 4 i niitL 
_jj-wuj>. j-£j-« ^<^lj_j_lit^ ^yS I ^ jlr J_jL*_j^I ^ljJ^ (L*_*__- 

JL_L_ ij__4_I_]| _y* ilrw ___J1 jj__*____Jl J__lL_*__*J 4 / *i "< a JjLujJ jj-o Jl_3 r I «>> 
4__l_C j_uJl jL__2_Vl 4___uljjJ SjL3t_-U CjL^jJI JJ-£-fJ U S Uitt j^jJLl j j " r I 
^LaJI Jula 4_jjL1 jJI _j__$__>J1 LaL^j cJ_-_____ i 1 4_-jJIj <4_-_uj__>J1 4 j j U n 1 1 
^L_____U _jj-__jj_>. j-^j-4 _y_S ^ - Jl_J)> : L^JjJaj j^£L-u __JJ_ __J-_. J) 1*">J . *1 ^YA 
. « u "j iri>ni CjI 0 1 11 (4_j£j_j_J1 jL_t_-Vl) j,h V a ^yl-T ^Juua\ i4j|juJI JlLo 

* LSLp_£jLuI ^Ja j-jjjJI J JiUj L )L__ ^ jJI j * > -\A £ ^LjJI l_-jj___>. 

4 rtlUj (j^jJI ^ < n^l j_aj _« _ul_>Jl>> __Jj L^j^L>.j _-Jjt ___ j ^£L_j Lj_ijj c___L__jI 

LoL*J 4_5t___slj JJLJJ L_jL__lV L-LjJ-TjLlj! 3jl__ _-J_C _-Jji_>Jl > lUrttl __J9 jjjJLoLjl 

j-Ijj^jI^II CjIjjLL- C_woL_5 j 1 <i 1 nj J JjIjI (j-jSj .jjL_*J1 jJ Ij-U 4 i Mi (IL u "i ^ 
I-cj) ^j! JLJL4 j ^_L*jlLdI J-4l_-" j-a ttjJ>- 'S^J'-^^ J^? 1 -^^^ jLl--> Jjjj--* Jj5jl) 

4___-xLtj ___!! t (4 * mJI 3jj--JI ^L-o-c.! ^y* J£J snowmobile 4_Ajtij 4jj_c 1_^j__ 
4 t j . u SjJ, 4__J JfC j__J_>J1 u lr ^_voL_-l->- oj o j iij I jJL-C l__j-_>. i j_i_u_ u *_ r T 

-Ju_ ___5 jjLu J I j j <i 1 n j j ^j-^-J- J-*-J ^L_i__X1 _j! I JlA _-j*JU Vj -j__oL__1 

t j j o 1 nJJ jjjU ^jjj mi»1Ij ^LuJl JjJL-_J)> : L^Jj-jj <_dJ_» JJ^ 1 1) j£ J__JJ .^L__i_oVl 
^JL_JJ_>J1 J__L_>J1 ^ L__— __J Ll_» . u --j-_iJ J-J*-3> ^ * * J-J-J __J-C Lj_l_C Jl__ L__ 

4 i.i_«_> 1__^_u_>j_cj ^l j o V * j_r_j 1 ^tj-L j_L_j 4 *iU / ~ ____bj i _______ Vl _-_)j_iJ1 

_j^/T 4 n U U u . n j^jJI ^JuLjJI J-_->JI _y» ujjJJJ >L_ys 1 0 j_*J JUl-uj ^ jLya! 

^Lpi ^j-J t Lfl_u_>L__j bjL j->JI ---- cr- J-*--' «jJ^-- 

_ c_u_*_JI _-_3 jir.tU LjjI i nl j_j_u L_i . Lliij j__Tl j_>Jl -c-jj_atj JL-J 1 o j ><3 i l_jI JUb 
Lulj LoJlLc _ X * j->-VI _>c l_uo J-T Juljj l___j-3_j 4jJl_lL>J1 LjLj-_. uch-^b 

^ju^JI ^ U U.II jljlUJI o-c j--j L$jf jl____»j t ice pinnacles «4j_uJ_v U_o__» 

u l__' ,,.t 1 n 11 l JuJi ^ jJoLJLl ^Ajlj Ljl_>.j lj_t_>.fj (4_jj_jJ1 ^Lj>JIj 


6ji_-> 6u___t 


_L_Llq_- 4jJLjJ_>. (jjii m> (jr-tAJ I JlAJ . LaJ_3 *1 0 jjjj p o rttl _•___> j^ V ^LjjI 

*Lul _-._■ *lLUj jl_*jj ,j_1__>JLi _,__>, L__ut _JLi__ (jL-" Jl__-_ __UjJ tcrevasses 
: LjjL 4 \n <i >L> J-^JtJ <"> o rT^ ._-_«Lq| 3 jJt___JI _» J-gj C_x>-j_- t I fl <ir __]( LuJ j_c. 
4jL_$j (jr-Sj . _--i}L_3 _-Li__<j1 C<-__U ^^lj Ju Cjj-iilj JLj.I^JI 4jj__c _>__ cJLwjj 
tjJajJI jlj j **r ~i I jl_jJL>JI _^ Ir ^Jr ^ .>> j_> Lio_J_ . __JI -_j_4-j>J1 j ■ %■ tj_~_M 
jt « Mjlr .*L____J1 j-Tj-a _y» L__LLL>. _-_JI j 4____L>J1 3l_j__JI _^L£T_ t ! Ll>-j_w?j 

j___-J j^— v« 3j V in\\ dJL^J _jl_» . jj V tr\\\ lLujJj < ^ r ) y~\] c_JjL£_>. _£jL___J J j-U 

^cj *(j "j^il J->*L 5j V i^ll c < t \ ^ ^cj t L$J j_>. q ^ l__L L_gJL_______lij t joL 

^J i ( JO_>^LII J_Jj__Jl _--_- L_1 JU__ Lo_lj C » H^J i(J-u_V J_Jj__J -j Mj$vJl c__J__l 

.« jj_LL__J1 L$_jl__>j 

(J}L_w Ct-t_<t ^«liJi iL_j_*_ jl t2_L_u^L_Jl 5 j Sj-j— Jl jL_t_-Vi _nj _>*j 

M( f-J *(J_)J___>J1 4__>-J ^jJ—. J____-Vl J__*__>J1 JJ-V__ J__£_JL_U i 4_L>-jJ1 

4__?t_™ _ya (Jl o mi II _-J) 4_l__j (^yii i4jJL_tL>. (jjjLu_> ___) ru if (jy--i i4__j_o_>JLl 
___} 4_j____x_jJI _4_Jj__>> *■ *" 1 1*< 4i *i ^___1 1 t^___jJLl 4j_£j 4 t j <i ( rt 4joL__j_j jj> jj_^__c 
CjLj _jJl __Ji J>L_ ___J1 i( j_>L_jVlj CjLLLJI _ya 4 n.ill ^ju^J 4_a_lj__ll C____i-Jl 

^uuj-la cjjjj *Lli~ (jjoj . recycling jjjjlJI oLU_ (___ L^ol jL3_______' 3j__lU 

_ jj_____JI cJ__ i4_a_L_J1 c. mij __j_>- iLujj jlL- 4jVjj Port Hueneme 

L$_*_— oj i_jl__j . ^jj" . "jj-_ 4_jj_ 4 (^—11 3j_L_JLi _ (__1_>J1 — ■ 1"< t i (___ 4__ j___*_o 

^j il (j rtj <i -ar "1 (j_^jj____JLi 4___lL J_>-l J 4_^j__t__!l jL_*_>-_'l tlj_j-_>. 

LoL_-jl j-^jj Ur Ij t4__L>o j-j Jl_j _;jJI J\>J1 (jr-i L^-La Jfi l___j_u__jjj t Laj_jj____u 

j__J_4 __J1 CJLujl i(^J-J-j J_5__- Jf> (j-O 3j_jJt___3 4__L__j 4j1ji ^J 1 4-JJ 1 "( V ^ 

4j_jj ^jj_j_jflL£> 4_jJl_« ____ ( n ) 4 j< UTl »Ljj j II pL-uj 1 «1 - JtjL__jL_- 
<(j___v_ f ()> ^__Tj_uJ I L_j_-e_- (jl C ' <J_T (j—>- jj_L-o C-ui A J JL-J - (j ' M J ' "1 - 
<;jj-__Jl ^jj-. J JL_u L_t£) L>uL_ «4_ijJ)) _)Lf> JL_L__ i L_L_t L LjJjLoj j_-IjJ1 (___. 4_ jJ _jl£t 

: jj_L_j Jj___u . L_4_) jGjj c<_jL__ _-jJI 4J_T1jJI CiljLLJI ^j-cj (^j__>J1 Lr xL___JI 
1 ^ jtj ^ j <t >JI jJ-i- t JuJlLcj t«l3j_?____]1 __i_j Ijju 1jjJ____1 : _>_ijt cJil-» 

1 <j " ri j tr> j _jl __JI 1jJ___ tL_J_ (j-4 («--ijJI (jjJ— J .«f*J-_ t(^_J-j)) : 4jj V i.d,t 1jJLi>j 
dj__b j j_L_u <"(Ur t Jl_l9 tjj_W______Ll 4jj_jl_J_J,I ^L-j Vl ^_x__ jj ____> j_2u _j5 t (1 tVt*j 

_y» jk__J ^j_u j-^ Jj5 <j\ tALH 84001 : JjVl j__>Jl1 l_3j__!_ 3 J _i_- 4 __Jl 


____ j^>-->Jt \'jjt ojj ^e>e Vj . > -Uo- 4 ! <U_ t^-L-J u h ,*■■<>' jl^JI £_.___ 

_r-C 4_l_sl_i_> JL*juj ' O J * > _> _)-__»LL_j 4_l_- ^*_>JI _— — 1 JjLcjj iCi\ JljjL 4_«_ij I 

4_3_^L_I __^Ljl-_jM j$ tv*i 4_o*jl_>. 3j____ t __)Lx__>i 4_^_L) ^Lti 2_aL__T 

I J__ jj< , n __\L__l_'_ r tjJua-o _)1_C . 4_i_L_ 4_Cj___j _;jj>J1 __i^_iJI j <r ojajja 

._>_>j_*1 _-__■ t**,Urt < „ __l!1 jji___JI ^j-<^>> (jyi _y- j^___*l ~_-l__o _,( 


?wt^>. >*. «jU-Jt 4-b <__U) $t tfy l*_j*-i 5 j____l __*_**_! 

_)j_-_uj__*. j__*j__« ____ (j^>-jj T 1L _,_jLc_4 4_ij__>- ___ _jL_oLj 4jjj_i_j J — «j 

chip 4__L_j ^U-I __!_. Lo_jl_4 ALH 84001 ^j-U-i >^->Ji ______ **L____JJ 

idiogenite c_jl>.jjjJi _j_c 4_I _____ *__L___4 j ^-r o c__>_ L^LL>o _;j->. Sjuj-j 

_n_> £_____J1 __Ii __)___ 4_| i t n" *j i4_x_^j_Jt jL_s__~_ 1 _ys i j i , „*i jul___ £j_ j-Aj 

j>l n, >L> 4___l___j1 Jjl__j Vesta _______ __4-__11 j j j<Tt <. *<J5_J1 _>-* _-_-1j>_Ji 

_)-4 __1j___J £____ _L_*_) _£| i ^ *\*\Y |*L__ _____ J__4_ T 1 _gj ,t, "( , „1j . 1 "_ J_t_< _> I 

4______L_Ji oryJi c_->_ ALH 84001 ^__-ujM >^->JI j-_j jlJpLi t 4__L__-__-1 

^Ljlc jj ,< i nnio I^jjj ___*.jJj_cw j__j t Mittlefehldt j_u___j_« «cJL» ju_ujJ 

OjL_< _-jJ1_) i^j____jj— i_b 4_jJl_4 ___ ^j_l_J I j 4 ( nj <^1 T _>JjL_c , \ j ^ <jj 4J_j___ 

. __-4__Jlj __l__Ji ^___-!L pL____J _)J___1 j_Cj_4 JUjj_J JL__J 4_L_lJj_0 

_)__ 4 h\~ V a ^lj-i I 4_jL_axu 1 <<"i j <i C*j_> » : 4Jj__j _JJ_ , V L <i1" j c j_<jl_j 
_yo 4 n j4j 4_3cJj__1i ____ 4_x__2~L_ 3jJ_u <**h nll » U^'^ _JJjJ t4 j-jj< II jLs6_>.Vl 

_,L- j^__>Ji Ijla J jh-_ ^jj__ c___! L_a L»l . ALH 84001 ^>a-J1 j^*->J1 
_-_aj) trivalent J_l__J1 4_jj>Lj jujl>J1 jl_l__1__? _ys 5j o oL.^ ____ _; j_l->j 

4_>L ___ juj_>Ji cj1j_ _>xi J£* L^jB _JjL_i__ ___!( jn_-r ...<Vl _ juj_>J1 __L<j_3 

____ _;j___5tj _)I (__Ji _, j<>.jjjJ1 £j-j_J »(L^J 3jjL_>JLi CjljjJi j_« oLjj__<JJ 

L^lj-jO- j-c l-1jI.l-.Ti _;1 ) divalent j^lSLlll 4_uL_ 4_ia___ ___ j___<JJ,1 _uj_>J1 

cj 1 _ _ _j 1 jj j< 11 __Ii cjjJ-jj i_;j__>- 1 4____j__j ____ <*•( 1 <^ >• . ^ _______ _j_jj_ ___ 

oijjJi j_fl oj j _ ■< H L-^jjSL __lJ1 __1 j <j_JLt ____j) sulfides (_jLv j nl 

disultides 4_uLj __l j_j_u^_xfT _>__. _jLl__ juj_>Jt CjI.a j*i_j-^< c_jL< ,(,j;j_>._*t 
monosultides 4j_L_I oij u±>£ L^jj-" Vju ^(jujl>. 3j_ JSJ cj^ Ljj) 
.((____1j 5 j— — U1 cuumJI Ll_)j .(jujl>. 3jj J_J 3jl>-1j c-jjj-" 3j j) 


*6jj_i_> 6uL_t_> 


j_s__>J1 (_____ ji>iil**H a _- 3j_*j Jui__ i2L^j_i!l jL*_>, _M ____ 1jj.iV ojl Lj 

jl__ jL_£' ^Lu_ J | djufc __J-j .( w ) 2l_lKJI 4Jjj t<-> J!vL_i_ _y. <j^-jjJJ 

_^j>-l_JI j__=__>Jl__ __JL_JLjj t LiitJj^a LjJ-j-jj lj-3-__ j uif JL_w? __!__ l__ j *" J | 

_,___. jj *~, tti c_jL__3 _oj n ai 5 Sl^JI L_*! . U ^jJI J-*-j*j ALH 84001 

L_jl Jl_pJj____1 ("<fT MM^CI (j I JL*J» t JlL_____J_C J J___J . 4_Jj__ L_£j_JL_JI ^ < m >u CjLl___U 

__Vl j-* L-jLi-iij^a _--aj) cjLjjj-SJI (__!__ l_ij_Jl_c i 4_A_L__JI _ujl__>JI 

L*j_JjL<- l_jj_l_-.| L__Jl___j . (f*»J j mi r r LXI jl JljJL>JI j! ^ ^.j i .JlSJl i jjd>^lj 
(__!__ ^-J-Lj i4_^j_i_J1 jL_*___._M cjL__j_____-j 4 ma! ^-j-j iLindstrom ^ * y< • ... \ 'A 

Jj____->JI LLiic. jj C_JL-_ 1 fl *j*S \ ij_j_>JI LajLjI * jjjJLl j-« jjs__-JI I j__ jL 4__j 

4_u__, L_i__jL__ . j-a- I j_« j__LJu ___J isotope analysis jjLt-JJL JJ V> __i__ 
j_jLL___J jl___ *lj_->-)/ j— c.Kj rn 4__*___1__>. ____». Clayton jj_Ju>L__' cj j_jjj __JJ 

j_« 1 fl jlr Jjl___v ___]! U-JLJ 4___jLL__-i ^Ljj _____ Jjl____>. J__J . 4_o_} j__» 

.«^ji-^l ^uitjjJLl 4-^j-L.JI jl_*_>-_1 
Ij-jw Sj , ,^ Ml 4__*_L_JI __JI ALH 84001 ^j_-t_JI >^->JI J-uoj lj-L*j 

4jL__ ___i _____"» *.jj_C___ Ljjjjj Jj-_J .jtJjJLl j_a t"(tnrt i u L$j1 l__j^__JLI j j V tr\\\ 

.((L r _Jj_l j_3e_>jl I JJt jU (jr__U ______ L__I.J C-J-T Jl_L_ i j_/Lq_>JI 

^liin j_<c C<t o ___JI 4-_j__Tj___i_JI jL_as__— _M j_a l__jJ_M CjIj jHJ _ya 

. jc_JjJLl (j-° ^ ^J tJ_4__JI (j->3 < ** r t-l I L^J-O -J mi f _jl L_JL>. ^lj_JJ>JI Oj-u\ i(j__jVl 
t (_____. JJ *U L-JJjjJI JL_^__>J1 Cjl J-L_J J-Jj-____-JI I j-_ jlj_____>J ' ^ ' 1 U" JL_9J 
J_Lj4_>. j- 4 ^l.l^ll 4i_JI 0Ju_ Jj__o I _Jl_>o ___JI 4_LJJ__JI __L^jU__iJI i JuJL_>i_J 

. L__jU__L) Ljijjj lxS t 4j-ij_L_JI jLfc_>.Vl 

3jj_wjJtl 2LjjjJI 4jjj^U 4__Ll_>Jsl ^Ijj^/I J_u_^L__j __,_* 4_<m__-J! -»_JL_> J-t-UJ 

__jj_Tj_4 Sljj Jj_- jj-u cjLjj__CJJ (jjS_u 3j_i JS_9 . 4_j5T J-iJJ I jl_=t_>.Vl ^--a 

4_l__u) SjjJI ^jj CjLjjjJjjJI _) Jl__ J JL?__>j . CjL-JjJjj-jjj CjLjjjjj-i jys 4_ij_jo 

L*_Uj t ( 1 j_~j-j ijt> t .i^s^LJ 4_uLuj t jr-a-jj *< <U 2l__l__jj t j jjjSJ I __JJ 4____JJL 
iJL-JLl Jj i (,., L-i-ij .SjjJI j-^J jjl>JLI j_j___jJI l_U j cjLjjjJjjj-JI _____ jl__ 

j_il____ j£J iSljj J_C ____ Cj L jjjjj 4_____ _____ l£j" ^n" j jj j_CJ I L_jljj 7-^ 


£jjaJI _J_: 6U_» £>_> 


Jl_ _-_JI j *^ljJ I jjl^ " _y--^ tljj^pj j itl _Jlc _.__ l_Jl___j _)jjj__11 
jjLL_JJI _)_-> J£ (_yi-C ^LoJLaJI <— - j < **mj * 4_uL^3 jt t4 ♦ i m jl <4 "i m _)j--i 
j-i_l___Jt _)j_o _^L_JLj iCjLj_jj-_J1 _ JL_C (__J1 __Ljjjj__i_JI _JLC 4j_iL___.L 

. U _ ^jJ^SJIj ^ V . o&j&h ^ Y - 6iH_>--N Cr^ oj>j£-J ^i-l 
^y^-b : 4____j ^Lj-4J_JI _J jJ__Jt CjIj jJI jj-a u_-~« _3- j- 1 -- 5 - ^j *y j d^lj 
jJlc. i * I j> _)V ljJ_u i L £j_i-_M CjIjjJI £-A 4JjL <i "i a 4_Lj___j JcL_L_j 

J__a_j ♦ 4_uLj_i_i5LJ l 1 j * ^ti ' _ JLstj La _JJ j j *4___j CjLj^__JV1 j _j L jj j^-J 1 

i^j^-L SljUI ^jJ__u_3 LulIc iC_!>Lc____J nuclear level _£jj_J1 j_£-__U _-ic 

LJ JL_>U Vj . |jJJ_>3 l__J_J_ ij_jJ__JI £jj ^-JLuJLj iCjLjjUJ jlll _ JL_C t_JjL_3tJ 

I jk<u _)_c_____ ___J I j i Jj J ih 1 1 t rt<»! I _)_c __Jjjio ____ VI 4_jj_J I Cj^Lc L_J_ I 

high-energy 4_>L__J1 4_JL_ cjU_L___J1 ^-jj L^j-j ^jIj-^JI _yo 4__L_ __Lwj_ 
cjLlj ___j .L$-> 4 Uj-vJ>l __Ljj__3VI 4jL___ _yi 3ljj J_" Juj_>J <_JJ collisions 

_ CjIj jJI _yC _J_5t_4 £jj J£ jjL__J ^J.<-> L$I _ 4jj_>U 4_____>JJ _| jj^l 

___> j? i^j__t_JI ___ jl t _)j_JI Sl iVi CjLI Jlj ___ Lol i4____x_c CjL_4 ______ j j r 

_ru pLt___JI j l___I j__JI _ru pL____JI ___ _ Lulj L«_? _ jf < 4_j_*^_*_tJI __1jL___jV1 

i4_uj__JI 4 t 1* Vb SLj-uJLt 4___LL_JI 4_JLc CjL « j mi 7JI ^Iojjj LsJlLc ^j_j*_J1 

. JJ5t__Jtj L_j|j_JL 

. _rJ-_Jl cru^L-J j J »1 _jj_ g- 1 rt J I 1 K <ij <Sj "~ (CjIj jjLL_JJI djuk jnt i 

JJJ_3 j_>- VI I 0 f?-|»J Lll . _)J_JI __£ 3jL_L__ jjL__ill tf_LA _)| L-tj.t" l ntl J-lC. (jjOJ 

4 4jjj Vl _)->o l^>-=-' ur^l JhH-" lt4- : lt - " LcJu VI JJ__llJ _>_> j-«-JJ tj n" < m a 

£jj ____ I _1 0" r t tjh *< < «Tt (J_jMjj 4_u_JI tj-J>- l/U ^jljJj 4aJ_4j jj! n^j 
i4__jl_JI jjl \r\ ))\ (j_4 _jLcjj i JLjJLI Jj j in ^-Jlc t_)jjj__lJj . j______ll j_ac j jln flt 

t U - uji>--' '--JL_JI j_-J__JI Lcf . >T _ _)jj_>__Jlj > Y _ om&M Lgjtj 
4jj__a J_J_*__jj t radioactive «4 — _____4» 4_jj_j_ I ^ju-j : j__CL___a j j r j__g__ 

. ^ i _ _)^jj__JI 4jjj I 
i4__Ju 4j J-JuJI _>^Uj V 3jj-_JLo 3ljj _;V __c VI Ji___JI _)f f__j _-lcj 
L^L_a_-l L^_i__>j (j-Jpj 4jjjVI _)_< Sju_t_5 jljLcl (ju Cj^LLtJJI _»___ ^JLlj _)Lj_ 
j_^-JU JJ___J ^ i - _)JJj_JI 4jjJ| _)f iJL_JLI J j j t n __L_ 4^Jj_) _>-5t-J • 4__JJJ 

4 jtajJI 3jJ___JI (__!! ^--Lu-JJI j_4-«JI j j Mtjj . 4J___ 0V0 * jJjj Half-life ______j 


6jP___ 6uu__i 


JUuj . JistaiJ L_$JLa 3j_u_> ^j__v_t_a _;J /j_o 4jJ-^1 JJlc < .ii^n L^-JI ^L_btJ (___J1 
4jj-V| (j_~j ^t ir> _M JJUiJt jjj (j^j-t_i * « _>J jL^jC- VI (j_s (j—jl jjj-« 

♦ Ij-SLaj -^j-^-JI (_£>--' o^. *J (jJ i4j_u_i_ jLa_-I 4ji_j a Jljuj ;3j 7T\ < ntl j-iii 
parent nuclei «3jJ1jJ1 4jj__'1» ^ w ^tx.n 4__t__!_iJI JL-~ T» . ^j-^l -uL^ ^j 
j_j____J_J1 4 > ,.,,,.* > Lj,jjjj (daughter nuclei «4__jI 4jj_j!)) 4__te_",U .3j n.U j-j-c. 

< j m i iI 4_oj_vJI 4 0 mill ____ Whods CjljljjJI <j_o -t_£_ j_4__>__*j 4__j_M _J1 SjJljJI 
Ja 4JjV1j 3jJ1jJ1 -u^SU 2L1____M _1_u_Vl JUJL_>o 1 j« ( »JJ j)L£ Ijlj . jJ-lkitl 

(j_« ^l^a ^__" __J 1 l*& Q.,A t tt°\ 4 4_JL>J I L_> jl JLC I _^|_4J_ (j-O L_-s-4JJ ( Lo j_>. 

CjI j ^ £ _ jjjj£J1 4jjj! Jl->u ~^u_J . ^____>JI 1jL_ j)j_o JLua 2L____ill jl <if _M 
«__jjjj__J1 ^jjLlJI)) CjI jl <kC *lj-->-l »1 <aU n .4-L__ 0Y0 • jJLJI ______JI j-q-*JI 

4-_a-____Vlj c-jl ni ■>■ _M jU rl ju___OJ L-^jj <o V "1 *t\\ c^-lj * Carbon dating 

_^_£> (jl JUJLskj ____ 2_ajj__oJI -JjLA L_oa JL3tJ___1 JL__ tJL-U Jjj J . 4_«j jLoJI 

-_LUjV 4jj___o <__j_j _ ^J^LJLI j __JL_J1 (jj__J1 __J1 j_>.jj j-_^__J1 j_jjj3 

__u_JL1 Ju___J1 4j _>__j (^jJI tj-iSJI jj_ I JJt q\ Qj1j V*o -jJ jJI 

c__ujjjj_JI (j_~ _jl_-___-j r. L4J ___Jt CjljjJI 0 (_^f) j mir J^Jj 
LjjLj 1 (j «; (jj£u ^-iJlj ij_LL__JI ^j./» 2L__>L_>JI 4-__c j-_4-_t__4 (CjLjjj l^t VIj 
Jh J.:xj _-_. 3, v \ y 3jj____j \ i _ jjjj__\JI J <; t jj v j n*j 1 11 4 j j r j->-V1 _>__*_J1j 

(j-« j-j-^/I 4_j_L«jJI CjIj "i rtlt 4 1 diilL (j^Jj < r ntl (__fl^Lj (j_u L_j (___t1 jl_$-_.Vt 
VI 4_>.jJ (__J1 4_j__-i__Jj I jU_cVl (j_o j j i^ JJLC ______}! JL_ (jj<ji. ( i j_j__o LiU. 

4j-l_j (j j j In"i Ij . L^J. _______ 1 ^SLcj ^ £ _ jijJj__J1 (j_xj 4-l»_- Ljj-oj dJLu- (___jl3 

^-j_. ^U-UI ^l ,j*UI LLJ_. .Jjt^l 4^jJI cj! j-__J1 (__JL_ ^Ll__V1 JL*_J1 

j_L1_JJI Jx____l jrU (j_>ij .j,,,\.%\ JjLj^I 2L_j__L__uJI jt 0 C VI CjI_> 3j n *i i.»U 

j-j-c. 2jj ____j 1 1 * _ ^-j j . (rLjj_J1 jl_>_ i jua_n Jjj-L-JI ^jjLUI (___ _ a l i 4." ,„U 
jij-iL ^ , YA u <\ H L_bj_*_. j-Ljj *( u ) £ * _ ^jj-wjyt __Jt JLtJj 3 j ^ " - * 

^j o JjJ_J L^jjIj_>. Cj J I 4_uL_bj_i SjL- (j_o OjjSu 3j-it___> (j I ^__» j " A ; T . 2\ , 
(jJj-u (JJjJa ^l m i 1 jVI 4-_aL^J J-4__>. ji—C j_4 >J 4 jj__>.j , _ T 1 (j__o LaIj *i -t a 
_-_J1 4jJ_-jJ1 Sjj__J1 jLib .4JL>J1 oJJb -J .4_uljJI SjjjtJuaJI ^yc jj_!__jj j_^L__- 

3j__4 J_>.I J" o" ( 0 i J*L*__ 3jJ5t_jU_> ~f I l-Vl ____J 4_L__L_5 4__»-jjJ 3^_5t_i__J1 L^_L_ Jj_U 

(jj- 1 U-* L>^-J '(-* - (*J J <i'_JJ-Jt (_y>s) SjJtj jJL__j L^-j-_> 3j-it____J1 (^jJ _U_L_i 


_U1 cjL-^LII o^W-* JM_- ^j it _JJ_ i >jj .(£ *-(jj_>jVl) 4-i_»1 ^-L__i 


t"ri 1 r^i *i Juua i^r^ (_5*-J I j o * ]\ JUJ >o 1 i4L<_>_Mj SjJljJI 4jj_jj»Ll 

4JL>_M j 3jJ1 jJI 4jjj -M _y* 4jjL_u1o cjI-u^ jij^j^juijj .SjJtjuaJi solidified 

4JuVl 4_jj _M _yi _JLC -ij-^-J j»j mij 1 o m 1 4_L_j _jj jJ.i ^ , YA ajL* n <v J- * c (_-J1 

__jt iSjJljJI 4jjj_M __ic l__1 t.Lal 4j>L_u Jujj 
* 4_L_j jj-tL Y , 0"\ (^? 

3j «Cittl 4 jiiTJl ^ 1jLi-__J . ALH 84001 _-£j-uJ1 j^*->JI 4JL* _--j 

J -. t o ji 1 rtj j -g r __Jt i £ * _ U^J^li £ * _ ^j J < n L j-J I CjI j «yb 4uj LLa __lc 
(jSJj tdjJt-c-Ji 4 j'°> C-ujSu (j^ jJI C__jJ1 iLjj_*LL_ i I j_t> JlUu -J . 4JL_j ^j-ujLj £ 
LllSL^Jj . J-t Vl (_-ic I ^< a <.j_>- j $ mi La ^|jL___u_>l 4_x__ <_.< i -i_J (jJJ-Ji C_J_jJI 
j_4-*Jl LJ COJl_- JL_ j_jjL-JJ ^j-iJ 4 jj ^ _)_* ^-1 " m . .tVI 1 Ju_ ^-Ji Jj-oj-jJI 
4-LuC (_____ j-CJ-Il I j-_ JJuL Jl__j . 4 j , „ ^jro^L) £ , 0 4_l __ic 3j_ir i^ill (_-____ Vl 

Jagoutz j3j_>L Jj_ol ^--^jlj j ^li 4_oL_jj ALH 84001 ^ju-Lll j^ 6 --*^' lV* 

_>jjJ1j <4-_uU VI jJjLs 4-Lj Jwo __J_ ^L-^-jSLU -Ju^L ^jj-iLo JLg-*-* _--_ 4_*}Laj^ 

* jJIjJI jjkitl jAj t (rubidium-87) AV _ ^jjjlujjJI cjL^_" _ru 4ujL_L- 5 
jJljJI 4-JI JLtlj ,_;jj| ^jj^i jjkiTI jj_j t (strontium-87) AV _ ^jj m/ijj^ Jlj 

^jjj-^J 4_jj^ ,^ r CjIj j mi n*tl jJ-^l Jl .<L>jj . 4JL_u (jj jL £ V djJL- (__xuu_u j-jq-*J 
Lj^v (jSJ t4l_u jnj^L) £ , 0 J__3 3j_4 Jj _* <"i J i^n Sj_5t___JI (j! (jrU*jjLlII 
i £ * _ (jj_wj VI Ltilj" jc-~ j_t-4_>- I pIU a t 4_L_j ^jj j.b < ^ > ^> *» J_ju j-^___)| 1_^-L« 

JLo Ljjjj ^ylJi 4_jJtjjliJI 4LcL_JI resetting J_uu__ S.Lcl ^-Jl ^jl L^ 

. £ * „ ^j j * "I" j-J I 

LkjjL___4 _Jo- ^-lll j iiir JL>- Vl 4L_jj_JI jL*_>- Vl ^-j-q--v jLc I ^jIjJjj 
i__Jl_JLj * 4_Li_) LjjW^ ^ ' ^3 4JL_ (j j jl^ ^ V * ^j-LJ Lo i^jjJLl 4il _ys 

r jJ_? ^ JiVl __!_. L^LuJoi 4j>Lu f jj_f ALH 84001 ^j^JI >^>J< u£ 

3j Minit 4_ujI_x_JI __L_j->JI (j( j Lj__ L j . Ij 0 r (_;jJ_Vl 4_i_3_jjJLl jjit_u_J1 

(__i_. -Aj o r Juju _-_I1 4_j__bjVl jjJt____JI ^ .t d > _jj <Jo Jl_3 4 j <X j VI 

^-JJ J-___j 4jj o <t!I jj_5c_a-_J1 ^JL-Sl j, ^ r (ji ^-Jl 1jJ-uj i4jL_o (jrUjjL Y ,A 

lil^-s. j^___ ^jLal ALH 84001 c^j^-JI >^->J1 Aj^ cA jLL £ , Y 
<__!_. j .planetary satellite ^-.^jiT j-^L- (j_4 j! u-__j_^ _j_4 (jVI C7 j-_w «l^J- 2 - 


6 jjaL-O _-_o9 


________>. ^L__>-Vl Jjljl lJ_u o^a Juu _-J_J1 _ 4^j__t_Jt jl_t_-^fL_ t JLcw _;! 

■_*1 1" j— 1 4__jjLLo jl of t L$J _ 4 j im<i mJI -L_Cj_c_>JL1 j)j ^l__ul - n \ 

___J.j<T1 j___*__>JI __! (__!! Ijla j — j m.j j_-j . 4 — <_jj-__J1 4_j_i_jjJLI _j__-_____J| 

______-_> <_]! 4 njn^JI ___ (j-OIj 4_> I j i L* 3jj___j U___ ___L-_ J-_j ALH 84001 

j_3 ^cj tL_JJj 1j_C \ o j <*i 4_jjL__. L^j-CJ t 4_x_jJl__J1 4 j i ^ jL*____.Vl 

__JLc ALH 84001 ^y^\ >^>J1 J^l ju_i_>__ j>__J < J>U_»)M e-Lc j^LI 

„ I J->J--> J J-u ^jjJLl _ya 4j! 

?4N_y jlt jU» _ I ^ jBiJ <-__-» 

__1jl__^I jU- J-U JuJL_>-_ 4_i_t__J _jL_l ij__*uJI JljJL=-__ (_3j-L Jj-A -LUl. (____ _-$____- 
CjLl^-_i _>_jLJ_) __lc J t** ,_>__j Vl __JLc < n mi " < v') _y_Jl 4jjjJJ1 jjJ— juzJI _>__«_J 
3 j_____» j_l4J _-Ul 4-U3-JI Ol o m itl _jL_ .4_L>J1 tf j_-_ _-j_j . 4________>JLI jJ_L___J! 

j_Ll____J| _j|jL_cf _.__ j____j i4_Lo <__u! (_;jJI (jLsLLI (_JLc l_3j_____JI _>_o L i cjj Lq 

Luj-^J j-___L_JI £_t*_»Jj . ^-j-LlJ-^I Ji-*-il _>-> J-*-U (-III j____JI _>_Jj t 4_uLJ| 

_jlj-_-J___JI j Y _ _jjjj_CJI j ^ Y __ _jjjj___JI J____4 t J__ _M _--lc _)L__jLj _)Ij___j_1___ 

4-_-_-______Lj i \ 0 _ (j_wj>j "itlj ^ _ _ jr__>- Jj "< i t 

< '■■■'* _) «! '"** j , Y Y _ _jj_uJlj t Y ^ _ (jj-jjJljj i Y * _ _jjjjj| J->«j -_)jj flt 4 j i n itLj 

^e_CjJI (_-L-- Oj?-^-^ Cr^ >-***^ _y0 (j__j«s j_____U -__u_L>J1 jJ. I \r> r 1 1 Jll J-C? 

_j1_l4-5 _jj__u_t__j (jjjJl l_I___i_1 ^LJc JL_a_JJ .4_j_A <"r i njt\ c_j_Jj____J| &JJk (j\ _ys 
(__. dJj-^jJLl -JJuJ 4_^j1 mi a \ • ■ j_^J__u ^ j --r ) 1 1 c_JLcl _jl .^j_5__JI (__1 jul tri <tl 
_y: j-J--) t J I 1 J—_-lj ^ 1 1" <n L__q I j j "i ^> 4_j_iL_JI j j f ^j ■> <tl _j! ^c-Cj-i t_>,(i»i witl 

. 4__jjLo j_lC <_ ■ i ii M L_ij_jL__U J-^__J (^—lll j_t_3___Jl 

-LU_jjVl 4_j_l__|jJl L__itjSJ1 _>_« (j_Jj1 (jL-S i4 j in «. nitl 1 m r ___4>__y__a (__S J 
_^j_>- oljL-C _>-4 4jjSJ<s 4jj_*_ 4_alc I _jKl*j <ij . jcJjJLIj _y_oj*^l 1_4-_>J t_j n o ("ilt 

c___-__JJI 3jl_-Ij 4c j-Qj3___j (jLa i(j^L>JI LlJ_- ^—-j . L_-j__L___u < ^ < < m*i _>_L__j 
*_L__>-j! y ^ j. m. "i n l£_h>JI l__.^L__JI _jV 1 jJ__j c4J_-i__L L__-_.j_SJI j-j-*m 
7c_jj__U _;j_>JI __a>LiJ1 (jj^Ljjj . 1_-_L>. 4_>. jj_<dt1 __j1jL_J1 _>_, S^^L^-i L__i__j__JI 

i (j-— >. jj **< j 1 1 _>ja 4-LlJL.Jo _jLj___ j-a ._jjjj__JI , \ j ___jLj _>jq 4 ot^t o 


£j joJI _Jx 5U> o£ ^msuII 


_)j_-ljj__J1j l<j^j^\ J_-4 'IjLcj *UJH_>-— _ V jih^s ! Jjtj <#.Ut jLstjj 

jtj— > ^ "> ni n tl pl" j ^jJLI tnj_* j_-j .xenon _jj_LjjJlj t krypton 
4 jlj ^.n ^uljJa (j->j_l ^l L_l_jfj ^LJI ^-Ja ^jjil _-i_. _-&_)__ 

<_-i-- i^JjU _)-*jj 5 Ah^t | L_>j_iL-_-J 4 j j r u f 1 1 3j__ jJ 1 J j__o L__J I _>JL_> _-)Ll<^_o 

Cr _-t 4_*_l_ L$J > 1 _ _^__J_JI _-Jj > o - _^j^__J1 -_j___. jj T iJLlll Jjj__- 

I \t n\ (4_j_%jj_a L^jI _-J-__ _J_j_juJI _£j-_-_j ___JI 4_^_j_j_J1 jL_*_-_l j-^__j 

< . c r ti < Tt j_4 2L__jL____a 1 *_p_j_ I _-J-C- L-gJ^i j **< a <j_- L_J___ j_L_J_LJ 

t EETA 79001 ^.,.aX\ t4-^j_-JJI jL*__>._1 ajjt j_>.1j . _jjJL1 __J-_ 3jj_>_JLl 
Julj _-ic _ujj_a c__-La_J1 j-^j-« _-^ _>_L___xj _)_3j_-- __j_ 4 jlr j " r _£ jJlj 

4-l_wL>*j CJ^ <l*l in A __ic JjU-JLj (_5j__J_J tji__- £-f-_J 

^ L*_> _ £_jj_*JJ fj j->J1 --5^-j-J1 _ys 3 j j + *lj->-t < <i 1»" glassy inclusions 

Jl_j * jLiJI l_L_> Ji-1j 3jjj>.jJLl j— jllS f 11 ___ <_j 4 LL-ojj 4_Lo _9__5t_J1 _£j->- 

j— ~= >■ _j c c-jj lo» 4jI _____j-_j_J1 j__-____>J1 Ijuk _y__, _$L__o -V j njj JL__ 

4-1 loI __JL- j-Jol — __ J_xJjU bjjjj 4j| __JJ 1jJ__j *«____JjJLl — j — ilj 

j_ae_3tJ 4_m_JI 2Ujj_U1 4-L^j-uJI jLa__-_ T | ^JlC ^_>J1 i_)jj t^^-LcJj .^--JtJjJLI 
j__*__*JLj 4 i Mitl Ijl_> _> o -C-jj . J-iL 4_j_it_jj_4 L^jt i___j_uJ1 JL_j___j 

:^j-xiJ1 j-*->J1 Ji.b2jj-^jil jjL___JI l____j ^ EETA 79001 ^j-oiJI 

_£j__>Jt __j*LJ_I1 ___i 3jj_ >-ji.1 jljJLl CjI j f> ^ _j1r J o "< __j 1 ^ * j ^ 

Jj_u ___1 isotopic fingerprint -_>j_L__J1 4____^JL LjujjjJ _____ *^jj_-JJ 
^jjJLI __JI __ o" il c_l£> 3j_*___l (j( _jl t4_L>-L__> _>_L_L<j _-J_- jL___JI 1 jla _j1 

.^L-M _ys j-jj ^-3 

(jj-^ JJI jjj— *U (_;j-->Jt _- c^j ^ JjJ->- o--» 4 ^ ^L-. ^ 

_)jjl _^Lujj 4_Jjj__w- jJb *_jr\IL^L__aJ1 j__LL_J1 _-_jJ_j_~ 3 j_^_> I 4_oL_jj 

J_____l _ru _y»)> :_jjjt Jj— _j .(j;^- 4 * 4— -~L_>- __£ LJL__ Jx^_*j _$_J1 iOwen 

t^Mill Jj_Jl JJ__ _>£, J-LJI i_j)jjjjJ1 j— L_u JLswt _)! JljJl_-j _jL_C t 1_jL__Ll__ 
3j-J_jJ1 __-jj __L__-_-_l (jl . _>OJ "-I __— 4__C j-Jj_ll (j_- _J_4__JJ (j_j_<U j> ____> I 

_j-a 4_L1__JI -jL-o-JI lJUG ___! _jjJL1 (J--2. isotope abundance 4__u___ 4-jjjL__JI 



LgJjuuo! _>_. J^j_?-J J_Lj ^Jj / ~ j <j : 1 1 jL*_>- _M ___ 4 <m j" -hU (JJ-jjJI 

4_^_Tj_uJI jL*_-Vt ____ <Jj-^\ 4_LoL>J1 (_j1jL_-U 4..J > m.;T1 2j_jJlj .4_xJejjJtl 
l_}L_JI ^ JJ_>-jJU J—J--J1 _>__. d Ah ~- A L^j| j| nfL t^hn r..Vl Ijla f_JU 
4-SjLLaILa L^jSJ *J->J ^j^u J-^*->> jf i3j_AjJ1 'O^J^ V^>^ _£>?-' 

.« j_jjJ1 (_---- 3jj-vjJU uJJj 
4_j__-_>jI j-J__ 4__j_5_jj_U 4 j <) uTl jL?___Vl ___i 2jj__>-jJU ^LJU >• 

^jjj — j-jjjjJI 4 j o < __L__ Mgj " ->j *LU (jji ^lj — >- J_--_ : uncarthly 
__<L___1 4 imo^. j_Lj ttjh-y-jj, v U jjLlIIj Jj— — l j jls <tl j_j ideuterium 

^j-^-jjjjjJJ 4_JL_JI 3j__jJI a JUbj .^j^l _____ 4j^_j_) ^ jJI *U1 __3 4_j__a 

pLCI jLstj ___ dj^Lajj _>_j I 1 $ <i mi " <l _y--l pj ^ __Uj LoL<u _>jI UTt 
U A jUTI Jjl^ "Tl J}L__- ^ .^jj — JJ (^j_>JI __.>L_JlJI ___ jj__**jil 
jJssj -ciljL- cr- Mauna Kea LS LjU jl__j_* spectroscopic analysis 

4__Jjj _)_-> 4^3^11 1 j __*_>. Vl oJl^J C^L^ J-— Vt __U_ ^L__J J_Jj __jl 

^L_ Laj_L__j . _4__Wl j 3|j"<aII 4-jjKjL..TI ^jL-JLL 2L____JULl py* m<_M oljj 
4-t-iaL^ _y» meteoriticist _JjL_uJL j j i -_ j_j .Clayton _)jJu>L__' _jjjj 

__3 M _ (j^-TT lli<Vl Cllljj (_-Jj _ (J^Sr- Mi<Vl Olj j <Ll_J _y_-L__L> t J_Kj M) 

___ 5jj_^.jll _1_ _>__ SL____J_- 4 oj^ j_>»jj * ALH 84001 _y_-j ji Tl j_*_>JI 

J_i ("h-Mj i2_j_5__JjJLl 4-_xuJ-_UI J-a 4-__jLL_u_xi L_4__J i( j_»j>U ^J-^JI (__>L_JI 

.Sj___JI d_i^J Ly l. < ,io_ T i (>_jlL 2l_1_II l_Jj£__JI 

4 j i n" V"< t (iL i3j ni tTI 4jj_4--JI 4_j5Cj_uJI jL_t_-^/l __!__ __jj_JI iSj^ J^J 

( - nd i T l j-— *j 4JL>JI -»jl_ _,__ (t_j Lo jj-j iL_^_____) 2Ljj_L__-_JI t____J1 4jjL__~ 

* " ' J I > (jt-JI j j V mTI L^j^ i*i « jlj_a_j 4_j_ j_uJI jL*_>.VI _,_. Sjj->-jJll 

( M.iiTI jru significant 3j___1I ^jSJj 3j_Jl___JI Jjj^-_JI Ojlj .^jlaj^l ^JI j_a_JI 
jo STI _v- J_Vl ^-lc Lj->- o^j *^!>^>JI ^Ll_) __!] t -_x__jVlj ^a-JI 4jj_L__JI 
J__V LJU 4it__iLI 4jjJ___JI J^i_3j .J>L_yi <>_ ^j^l ^JI ___Jj ^ 

t__j_ ^_t_tj i (i jrU i4_L_j jrU^L i , 0 Jju_ t J_L_> ^|jlL-_-_I _jJl>- tj-o rt Jl 

6-° ^>ll t jL-~i-j_ (jJJ ^ IjJ——-"! Ijla _;jfj . L^j^So *L_M (j_->jVl jtuj ^hl^' 

^L__VL ij-jL-Jl ^__u_>J1 3jLa j-4 ____l_i-1 Cii^ i(__j^_-J1 ^L___J1 (jJJ (j^J^I 

. Lj_*__ ^jj-o _JJ juj i Lo_t_- j__Cl ^u_>- _;L juu c<-«a-_II j_a (j_u ^J jtj-<» cJl 


_jj_-j__u _>_■ jJI -d-Jj-* j-lLa ^___1 j__j) meteoricists _)j_^j^__iJl j.j "Oj 
jL_-__=J-l)) U_? ______ ^^ai j>*-i-aJI oJJ (4^>_JJ! j___*___.Vl Jj-_*_J_j 

Jl^j^A ^ ^Jj^l 4_}L__]| -Jaj>->JI SNC ____*_ «Sj^ <«SNC 4_j__j^_J1 

jJi-i o^Laf ^-.aj tChassigny j,._____j iNakhla 4j_~_jj iShergotty 

SNC 2Lj£j_uJI jL_5__w _M _j_-J 4~l ■ " j__C. JL_J . jj^- , | , i \ 1" 

jl»- _M Uj .4_t__LJI 3 m.tl Ui i K r^jLuj 3jL__ ^ V l__o jlc jJLJ! 

ijjj j^jj *<_£_>__-.? ___1jL__ ______ ljf _____ t"< Urt ( n ______ iCj Nj S 4 j ^ j j - 1 1 

jL_*-_-l 4 i m o (jj-^J ' J-^ J ' I ---_>- 1j I JljL j______ _,_--_ VI _>_j tly* 4 < .1 o -~ 

L*__j i^LjJaLJI ^ \j ,.re_r>J I Lo I i I juj L» j__i_c. 4_uL**jj 4_*_ij ! (jkj L-a _£j-»*I 
£ * _,!_=_ _)Lj_I_3ej <Nj ~- . j j^.j Lw^ j__5>1 1 o ^ 4 t 4_i__j Zagami ___,L>_lj 
j^ SNC 2u_0^_JI jI«--m UJ .c_^_jJ_II ^Jc SjLLI 1 J-jjL \ * j 

^jj 4 t drt t ^s__uVI J-a->-i 4^jj____o 3jUu t U<i t n _£jJI i4_it_ ___j_j_J1 j-3-_*-11 

v, _>» Slj^al c< M*M i^oi (-Lc ^-a) 3Laj ^JI ^gjt Uuo . \\\\ j_ujj YA 

< rt < n _5j___c-l i__>! JujL 4__uLo_j _j>j_j __^j__u j__3e_3__i 4_j_oj_vc _M LoLVl 4jVj 

<___ ojl_>_) _> jJI _j-Jl _v* Sj V ir» ci<_jL_C __Uj _^£J i L^__5L__u -uLuoIj l j " j * 

4_j_-b juJJ I jL_*__-_M ^j <. . "w _jj£jjj . (jtJjJLt _>vo L__j_u lj__t_>. _>-uJ_) i(jul JL>J! 
jLt_-.) 1 j <i \ _;-_bj i(jK_^jJjj_>JI (j^jJ 4__jJ_Jtl jji_j__JI ^ya ^IjjI _>x SNC 
j_)L____U 3juj__iJ1 ,,iftl JL-^jpJ . __u__bj__JI (3_3Jl_JI Jj___u 4u j-Ll-ll cJjLJI 

*4_ii_jj_o jjit___s l_^_I L^ii-ljLi S_j_wjJJ 

-Mri^hJt 4nJ-^1V 4«-» jl^ii 1 4r__kJ o^Mlf ^ t jj^ ^Jtf J^AJt 

1_^J_4 3_j_v.Lt,! Cil m ttl ^jjJ (_£jJl _>^3 S4_o_^jjJ,l jji____Jl 4 j^l a jjju _>X 

<> _U_ j1j--( j j t _j> j * 1 nj _>j_lIIj ^aJL-JI ^Lst-l ^j <i "w (^yiJ _jrj__wl_JI _____ 
Jjj^-J J_aV| JjjJo L__J_>j_ ^jJ_L-a_ JL__ j/^l J1j___Jl _>__ 4jL_>-VI <j\ S4_L_Cj_a_JI 
Culjj— a—a _y_5 L_sj__ujJ (J--J1 _-Jj*-^ 1 4JL_>J1 a J_t j__Ti \ "( j ( « j i_>_>aL_>JL! _yi 

£jL__U (_.,At"(tl 4_j_____ __j_j ,real property 4j.__i__>JI 4_i£LLU _>__ 3j___*JI CjLK 

4_o_i____Jl ____ _Jjjjj_u 4jj_L-4J LlLaJI 4__^_>J1 Ci<f\~>- t \ A * 0 ^L-C u rt'^ .4 jlr 
4j^L_C ^J-i-J L___tJ «(jilal)) _$ jJlj iPoSt ____-jj _---_U _____*Lj Ja__ _>x 4__j_5jJL1 

igjl jU<r»L |_L_5 j-i-T er-^yj 'Pierson _jj___jj__u j_c j_U jl___ i4j_jLI__*j 


JLjJI ^lo^J <_< 4jj_J1 CjLI j_l_>JL 4___*_lU 4.^111 (jL) 4_^___>JI <-m>> 4j 

(possession 3jl j «_J1 ^___1 4_-_JL__ 6-^^ * * >*_») occupancy 

^l— , Luj .l_J_l_J1 (__£) 4_jjj_iL_J _}j___>. _____• jj J j i <il t njt'4 (^LjJLj i«J___J_ 

4-jj i 11 cjLjI j_j_>JI 5j-__»L__ojj i4_JjJL__JI 4__jL_JI 4__V r mIjJ I _jlcL_JI £_l__ 

(jj_*L>J.1 JjL_-__j____3 < JL-jJL>Jl __!__, SLoJLU J 4Jj-__-___U j_lc 4_j_ij-_j_Jl jL»_3wVLj 

j^ju <ClA1a <jl jf *jjS-_v L jjjj l> __-*j ALH 84001 ^j^ilt >»-1 o' ^W^! 

.4_j_Tj_L_Jl jL_a__-Vl u ___l_____o j-4 4jlj___ (j^^Jll U_uj_5 __Jt 
-_«Lj jj 1 $Ac j-J-JU __-JI 4-j__j j i 1 1 j __*_>. _M ^.1 <i v (jLJ- v4_-_dL>. 4JL____j 
4JL>J 5j_Laj___J j-__3_5t_i i4aJjJ_>JI 2u_jJ___JI 4_j_>j_uJI jLs__>.^-J 2»jLst_UI CjL _jJ1 
t 4_x£3_J]| jU__>._*L 4___L>Jl _U_JI 

4 im ><j-*J i(NSF) ^J>L-J 4 j< UjJt 4-i m nrjjlj i«L__L)) 4JL_bj L-Aj ________ I <Jj-4J 

(_____. jLjj"l J <Lm 4 < ri < dj-a < u J--J . _-tL__xl_>Jl j_4 JUjuJlj i(^') jLjJ**M 0 ( ii 

(-JJ ^.^-lu ^pJI 4_i_j_iJj| j __*_>. _1 j-j^>J national curator ^-JJojJI ^1_JI L^jI 

___Jj L___> iL _JljjL_jJ_ Jjj * n \ 4 jlr jjJLjJI j_Laj j! 4__J1jJlj-__JI 4_j<U1 

<| v 4___|j_vQJ Jjj <m! _>_jj__>_J__! I (j_~ — j! o-jltj ^ J 1 tll 4_-ji__jJl 4 <<i MijJ.1 

<■ <U rttl _j_4 4__>.jj V * o-«--J_ >^ j 3jl____U __L _jlJ 4 j <J*J1 t__j__5_jVl 
jl_l_2j__4 (j_« 4 j ^ jJ j j x cr^J iMarvin _>_3jl * V j____jj I _>_»Ij-__jj .__jjJ_*J1 

___! 4_j_xJL_JI ^Lj j <i1 t JjL__jLa J--J-A #->^) 4_4__L_JI »Lj j rtlt ^LJj^ J <t <n 
(-—J1 4_j£j_iJJl jL-aa-w VI 4_L>J LjJL- t^^jiu < <ij <*ri*iL_-La 4jVjj ^jj_j_aL_T 4JjJU4 
/j_oj .4_tjj-_>J1 4_j_i___JI 4_j_j_ijJ1 jL_%__*-_ t | __j nr jjjjjJ Lj 1 1 ii jj--Jj_<i j_c_t->o 
(jLijj*lj o <-u i V ^ » l ~c_-__jJI f.tjL__ul ^_1__ 4-_%JJt - ^ _ A J ' ^ " i4_j <rt"JI 4_j_v.LJt 
. juiLuJI (J_*-o L<uL C_jL_" L^jI j i-ojj (j-J i^ajt tlt 4_ul_)jJI 4 i.<i < <>jJ>1j 
j_____ n**f < o L if.L______JJ (jj___jj_>- j-^j-4 (__- L^_3l j 4_t_j-j_JI jLa__-_'1 jj-i_J 

-L^-t-O _ (-Jl 1 ,**' J*^ t a JjjLjj _ (___ JLv.jj iO__lL__j 3jjj__> ___i 1 ^ * <a ^ - . * U a 3j J»-'^> 
_bL___jjl J-J--- (jj~* Cr^^ 1 i4_L_J1 _U__i .(La 3jj-l___j (JiS- 1 ! ^lr ^ ^jLj j"i,-lo < »i 

j^ijJLt ( (L____L» 4Jl_-j 1 g " ,Xj-_- (--J1 iALH 84001 ^j^LJI >-*->JI 
j_4_U -JjLJLl *j-»Ji (j-- i(j «U<. i r l /j-a jjL___JI ___ jlJLc _;jJ1 ^L_5e___Jl 

3j___j__]I ^j-4 ^j_>.1 CjLuajjl j—u-o __j>J l)--* ♦ 3j_it____JI j_<3 _)Lt-j"j a <>> 

^lSLo jl_j__j_) 4__t__?___j ^13 jJI *j_>Jt _U_ t ^ j 4 Uj i ( j____-LJI (_____ Jt _JL 


4_J___, <__<_ 4__ac_Jt Ci*.„^.-%.1 LoJlic 4_J Urt-SSjLc* V j___jj V Jd>--> .oj^Lajj 
^jjJl (j-a j Ci mi 4 _ajj i \ j i < i " u i» j-^-ti _>* 3j_jJ--V| £jj__u_M 4jL$j 

"IV J__J ^ i^ji oT 4jjj jJLJIj ,ALH 84001 ^j-uJi j_*_>J| ^ 
(j-cj * (< l£j-^ CjLm r j-jjjJ tjjU"; 1 j o t »j IjljJ- L_jj___>?» :cJl___ . 3 
>L^ ^f 4_^j^JJt jL_*_^ V I 4___>J c < i Jpi jj t __LLu_il jjjjj 0-« ajjJLI jJ__- (jjjjo 

^pLJLl- ^ Jl_OjJ cl .qU 11 J-C JLj_<_i ji*JJ 4_J___jJt 4 im "jJ*lj «LioiL» ^JL-j (j-4 

j-_ j "i i u l_cf> iOLil-JI _>JL~ 4_t>Jj_-> 4J_*JJI (j-« < ^ J K*i _y»J ' U ' ^ ^ ^ I JL^j 
4 \y\l\ ,3^ljJ (jl (j^oj "i a j jJ jJI t^jjj-Li)! (j^yaJ rj" <\\\ (__^j__>Ji Jjj <i**Ji _>__»_ 

. 4_L_*JI 4_ti_jjJJ 3j_*___Ji (_yA I tU>4 ^scjla 
(jl (__1jlaj i«ljuf (J__ £j^j V (j__->) t L^lj-Iu __J_ (jyLc (jnJajLo (JJajj 
<;1j_*.y 4_-_Lo 4_£j_L_Jt jLfc_-_*l ^l a z%. (j-« cl j-^-l tL_j (j-a _*_!_ (j-_j___3 4J_till 
4_l£jj ^jltt-U *Jo jj I 4 i ii < njJLl (j! (j-L_jL» jj3 j-jjj . L^jic C_L_j1jjJI _>x JUjil 
4 j ^j./Jl j_3e__-_1 ____ t_jl_2t_)Vi (j-a JujJLl ^lj^J Lu_j1 (jl * ih"i < n «Ll_U» 
- __Ujjj<_1I (j-« 4jj_LU 4_xuJl__JI 4_j_£j__i_Ji j __*___ Vl (^JL-J t^j-^^l 4_4_ctJjil 

IJJU- 4jjl__ii J_cl iiu, mj . 4_J_i__J _ 1 JJ-__»U_Ji ^-J__l __lc L-U_L_J i_UjjJ_«J_Ji 

(^-i-jjjll (^j-jJJi j_*_>JI jLii-l J-^J (jyic jjit-u_Jt (j-a Cj Lc.j_h.-v_1 I *j__ i<JrtJJ 

4jjL*_* S>L__i jUiwVl oj__ (jU .j^____JI UjLUj ALH 84001 

(j-fl c. , i\U \ (jlj i^ci-Ji 4_x>_Axt 4_cL_ ^-Jl jj__j (j] i m lr i^j___>jil IjlA (. *imi<1 

i jL_bj i4_3_J___i ^ ^j. fl ^j ______ IjJj-u (jl (j^L>JLI ^--jjJa (j_o (j_i frl___u_t 

. j-JjJll (^-Lc 4_xuJL_J1 SLpJi 




tj^£- (jj 7i jL*j>-V1 LlJj 

^jjIjj LuAjjjjo 4Jlx]1 j'^«jt jJLtlo (jl I I l^4J 4j1 

4L*I ^ ,^ u ^l < ALH 84001 j^Jl 
ljtu^L 1 , 0 Jjl_3 jjjll ^^JL volcanic ^L^-Ji 

0->U I rtl 5 jJL l <_JjL<2J (^jJI Jj^i_JI 0f L-UJ t4 < ( n 

JJ_ * Lu___J1 (__JJ ^3-Lill 4J_tiJj i^-itjjjl iM 
4 n (jl JjJ_ (jlaj^Lj 4waLLajjlj t4j__u jj J * ^ 0 

cJjJT j-u-C 4jMj JJcjj ^ i ^LJI ^ j j^.lu Lj jJJJ 
LJju t3j V mtl dJU. J-Jj ^-JJ jJ-Jj l_4j__Lj . 

Jy>- lcjJlj *LJjJ1 J_L_Jj <1LJU ^-J! 

J>LJI c-Uj J^__- (jSJj <4j___J| Cjlj 4JjVl — -i 
» 4 1 o " nr <a 4 J <t 5l j % JJo-j ^.Jl j > ^"tl 

.*l ^_pJ1 (> iUliJI 3_uH_Ji ^ J^la-JIj 
^LuJL^^Ij ^_L^__- ^LuaJ ,u m,,; LiL 
__£ (Jut-UJIj 3j-aJ1 JsLaj j-^tj ___]! t ^l jJsLUj 
.^\jjuuau 4JJ J_u__j t£-J1 JJjJl^ i^jLIIm.J 

ALH 84001 «(Mjjil jpJt jC 

(^J-uJI >*->J1 6 ? -JaL_-_£V ^IajJj 
olSLLJI (>c 4 o l^t * <_-J- ALH 84001 
jrL_*____-*SMj (j^jjSUI _ya -_>L-v>_* t silicates 


gu joJ\ ^yic SLp ___tuJ| 


Oliokj! (j| <_i_- Sjj-^jil JJ-^-^H cr--A^I Uj£ll J-^ 

3j-*--_> ^jl_I 4_uJL__ J< iOrthopyroxenes o_Li__--j^j_jj_JLj 3U__JJ 

3jj_*.jJll oISLlL_»J! juuSLJl <_.tj<j_u 4 j Mitl it jV! ^^>- ^^»^1 4^u£^ 

j^Vl j[£ i\\\X ^L*JI ^--j . 1 4_xjJl__JI jl 4_!uJ__>Jl *tj___- i( j^jVl (_____ 
j-at_>JI (jyo *Llj_*J 4____ljJ (___} 4 ui rtolt ! j j j\j <il" j a JL_l__jJ gj j "1 r I <j£jJI 

j-iJ-1 4_j_ic 4_l____j-±]! 3j__t-u_Jl djub £_>_> 4 rt j ^ jjb iALH 84001 ^j-JJ! 

.oL^jj_-J1 L__t jjL__i- j i^jjjj_-JI oLi-Tj-cj 



^uSn jL-u-Uj 5j-A_ir-Tl *UJ_-)I Jj__ * ALH 84001 _->ujJJ ^j-^-J» j_j>__kJI J_»J j_4 

( _L___Jt i_uL>J1 __a -j-^-^it j-^Jl__J1 . , __>_, 1 «__jtj_». Jjl- ^Jujj .4-.ju J_L>_» _j_lj_c __Lc Jj i^^II 

.(« L-uLj » 2t_ l£j 3j^__» ) 1-u-tj \j.~t nj" *( ,lu 3j3__JI _>^j_iVI 

^jjjjSLII Jiiljj (j-a 4_ijSL~ mineral deposits 4_ujLjt_a c_l i < .j_ ____■ __Ljjj_£JIj 

JLkJI ____ __*_>) ^j j i «IISJI ujljj 4___L__ujj (j__j__u 1 $ i~<~\ «j 4Jo_ujJL! jr\_a- < n^-M j 

* jj 1 II olj j 4__>L_-jj jl ((jloj-*! (_lc 3_tj_wjJ,l c_j_jjj^_CJI t <lr I (__JI 4 j milLi 

j.lryj 1 Ij J A lO - ^' LaJiic, . j ^LulII (j_A _Aj_u_ jf j-j-W U l jl iJuJ__*JI jl 

i^L____JJ ^j_-ojj-w ji\^4J dju_Jft-4 ___ ALH 84001 (-S^jJJI j_*_>J( (j-« 4J_ul! 1_1x_j 



6 jiuaJI ,___ 6^9p9«jr6J^UI 


0yJ> mH filj->.t £-L<j..y ____ 3jjLlL-i Cj L^jj-L! I jy- Sj.jt \n globlllcS CjLj__ JlaL^ 
t _____j-J1 jya *j-_>. 4jL- j>-4 1 J^lj CjLj_JI 0 Jub j^--t j-L^3 £-Ljj . 4jjK jL nll 

^UU^ J--« 4jj_~J . 4_jL__ j_J I jy3 l__J _M jyj <: 1ju>- 1 4______j L-bjJLi-- I j U^ jJljj I o liu 

cj Lijj^Cj l L (jSJj iCjLusj_JLj aj j • ■ ^ 1 1 cjLJaL-JLl jlj j * ^yujJai _* ^l oU.ll 
(jjJLi jj-A ^j^) nanometers cjIjJ_qjjUJIj (j--Ut jyo oh- 4 _>_- *j-^0 niicrons 

______ 1 (j < fi J_£ ^gj *l TJ i j)Jj___Ljja L_aJt YO _____ 2____>JjJ1 Jjlo JL)jj Vj . (j-Ul j)-« 

j_*j 4____jj_jJI strands JjIjl_>J1 ^j^- £\ ; j < > » ,J > *3jjL_i <r. n *4 <"> IjI . j-ijajjL 

3j_JL__j jJ--9 j)-4 L_J| 0 * f\ ^gjl t,ij jLS_1jJ| j___4jjL_II j)L__ _-JLJLj iLj^_L_-l 0 ♦ 

u _xjl_4 i4_tC O-r "m __jJ1 <L?e_-__JI J5j ^^^itjjJLl ^--j jjJI juaoJI JjJ-*-J jj . 4 nj^j 
. j_UjjLiIlj jjj_xxLl ^_3t_- _£ (fi i )i a JL-C j{jU" ___]! J_j__oL__JL) 
Jj_iwj (___S Cj-^L-skJI _y* u oUt II 4_j__JL_iJ1 __iS CjLjj^SJI jj_Ll_ ^j-oj^l _-___ 

_gj j"?J1 j-_*_>J1 jj_5c___> _y__ cjLjj__>J1 beds _)L*j__j 4 U j_>-— I j j"^ ^ t^Ull 
_slj-ct l_s1 Jl__->V ^UJI ^1j_J1 J-*-_j c-jj-o _-_J1 (cjLjjjj._JL! 4 j-*J1) limestone 
jl_ CjLjjjjSJI q\ qa j<u_jJI (j-L-j . ^_5__>J1 2lL____JI 4jj__jJI ^L-w-M ___-__>_" _f 

j__H 4_j_>Jl CjLu__JI I (3 <" ___JI CjLjjjj__1I _)l_! , 4_4_>- jj j_u j_u_ CiLixj__ j_C ^JJj 
^Lua-j-JI Clitts l_5j^->J1 jj-O (jt-JI L^>^H?-'' J 1 ^--*^' JJ >■-_-> J_Ja tj_j___j Lcj j i n 
j_5__>Jl CjLjjjj_-J1 CjLjj_? _>__j___ JulCJ . 4_j jl"HJ^f1 j-Sj-i 4-ijJL>a j_4 4_ijj__JI 

c-jL_: LOu ,4jj^ JL___.i cjI^ I d i^t; j)f jjL_____j_4 ^!j ( ALH 84001 ^J-lJI 

i JLw _-i-.j . Ljj-oj disCS (j-alj-iS/l 1 d t <a 4_i___j 4->-j_ _-Jj 4-srUU d ^j_>-Vl 
jya Ljj__j */ ^ jl j__ ij-_-T ^____j (j-« jA-i I 4___Ajt L*-3 
^jJI La .SjLjui jjC 4_>-jJU S^jj^ 4_t_<^ _-J-J iCjLjJjSJI j_4 4jj_Lq ALH 84001 
S4_ul£j_) SjLs j_4 4jj_L<j 2UjJ__ 3jit___> ____ CjLjjj-CJI _>JJ- 4Jjl_J 

cjI jU tlt ____ jj j •-. j__j iRomanek __LuL- jj j_-j^__ 4___j___u ^j j a (, «1U 

4__^j_j_. _J jj 1 nU j_a i?jj JLi jL_i (j^jJlj iCjLjjjSJI j j t*j jj_x_ __jj| 4_jj1 j n J^tt 

. t L______! j J_-_jj_V j_?J_-lJ 4_>J__J1 jrU ^.J-tll jL4_Jt 4J___4 Ci_>J J <itj jpjLs Jj^jJ 

__JL_dJ1 ^JL-»! ^j-J-li-__4 __JJ 4-AJjJI lJ- j j r » 4Jj__j L_U_i ^LuLsjj j-^jJ^ 
Cj_>jL__j L_b JLtuj tCjLjJj__JI _-j|jlj S j jTi _ a (j-^JJJ J-^->* (jyJj j U < 11 JUjj! :___-JL_jjJ 

4__L_a j mi q _-j_i-_ j-*jJ-« ct- 1 

jljJLl 4___1jjJ 4____>j__iJI 4-_>.LV jljJLl _>____) 4J1jJ ____ (j_oL._-r-.S-J ^--a1jL-V-~ 


4-lj^l CiLL^. (j__-*J (_£>>-) <jt <-'^j----l L_JJjJj Jj'^"*! ^ j_£\ jJL_u 4jh nU 
^pJl - 1 ; l^ £--L__J jj L JL_>J iL_jLjjj_£_J 4__lLvI jjl d n.t l LjJlaLu/J ^jla 

jjbj iGibson J " .' J T '"-jj *jj ^1 - ^ 4-jjj__c _-JJ ^ ■ ■ 'J L jJLjj c-uL-i 

__JJ j-k-JJI I nl r (jl _jj "i \ \ y JL_ . f.\ i'^ rtl I (jj___uj_>. j-f>j— -» (_--9 ^y-^jJ j j -w 
Jl-j-ojJ (jL_i i^AjjJI (j_« j_>.^l l__jL>JI _jlr . J j irni" II ^j^o j-l£} j J-dj CjLjjj__J1 
jjk U>^J 'jj -^^ u> ( ■■ j > • ^ 6 T~ '"^ J ^ Jjj ' " A McKay 

. « 4_j£>j_A_J I jj.V irJI _-!__ j-j-T? _i_s_J Jot.ll L__?_J L_jj_3 (j£L__4j 
i(jj^->J _j j_j_>. jJ j_x_w j _jj ' " ,' J >J 1 1 tlj rth j aj iL_LjjLajj t j-Lc _-__ 

4_L_t JjL_UI ^--aj i(Nature 5 ,j ,Utl) « j-____uj>> 4_^L___jj-JI ^U-JLtJI 4j_3__<JJ 4JL__« 

<jl L_r Vm ta\n L_i-uL«jj Jj__JJ ♦djLjtall CjL^jJI _-Ja (Science ^1*JI) <<(j-^jL-_>> 
4__>.j Ji A * j j— a— __s (j_J £jtj___j Sjlj— >. CjLwjJ JLjLc C_jj_xj JL_- CjLj_JjJ_JI CjLjj-__' 
i^UI jLLcj JL*_>o ^p-iwjJ (jL_^L__J 4jj_L~ \ * *j * cr*^J J Cr^! * «4_jj_Lo 

4J_jLu dLua JJ->-J JL-Co-I (_- '*J 4j^__a A * j j___j__> ^cwjj) (j-u l_jUjJj__JI J_L__j (jL_) 

-c___L_ii l___>o L__jj__j jl_9 4_j____5jVI l_jUjjj-SL!I L__i__5 jj! jl r.Ljj .c-iijJI l__Jj 
L_ojl_3- (____JI 3jIj__>JI oL>jj (jl-J- i4_j__>JI cjLuLSJI jj-_>-j oi J cj- 4 J^ 1 

(jj_xj C___j _-__ jjj-U (_5--t 4_uL__ <?Lj_a Jj->-J (j-JJ 5j__u j j i"-J dj5L-«jj L-l-ijLajj 

^jLdl _jl 4___t__>. (jSCJ .ALH 84001 (j-^/j-JI j^*->-' ct- ^J^i^' -_jLijjj_UI cjL^ 

(jj-\J JlLc. 4j_L_i dL_« -1J3-J (j-ic JjJj (j-L- (jgj **<"-_! L_-J__? LjJJ 4_i_CtJjJLI JJ_W__L_JI 
. ^L_La Jl_u_jJ) (j_o j___i| _L> I ^L_l_bl j_u ^cJ iL_jLjjjj__Jl CjLjj_i 

ALH < J -£j-j--Jt j-?-->-' o-j-i l^--* (jj>--JI J-jL_i -e_4__-_»! (jjJI *LiT--« Juj-ojj o\ 
^Lj_^__jSJIj 1 j "^jJj j y\\ _-J_ j_-_-j-->. i(<(j-aijL---» 4 1 -r a ___9 -JL__JLI j_____)j i84001 
^.aj iLjl nL.i); 4j^jj Jj n mj" j"> _-__ ^ ^Lc. jJj geochemistry 4_^^j_j_>JI 

iiUrtrtl (_-]__ 4jj_1_>JI Strata CjI n iUII (."id.y^ L^jj_SJ L^jJj-J^>- Sj j $ u \ a 4 *iU(4 

^jjJoJI L__u___jj (jj_e J___ L-$_wL_uj Ijuj (jl L__jj-j-I ____ lUrtiJI jbl (jjJj^ l___-IjI (^-Jlj 

JjQ-4U (j^jJI djJlj J-0__jl itj *C _y» 3j___jLJ1 _--3 (jL-T LoJ_-C .(>«jJI (j-4 

3jl_-IjJI (jULlll __JI Lul rtlr.iii _y» 4_j____l j_x Ja__iJJ Kewanee ^lj-j-. - 4_Jj-__ (jjJ 

(JjJ L-p-jJj_j_>. "f j i^n jL JjloJL I o "i^ 4_jSJj . Lrtjjk^L-Cjl ^j^J^ ' Urt >t L 4 jltl l 



5jpu_JI __9 '6±$j>yoJVi>jA}\ 


<_]__ J-__->. ,Rice <jt_«Lstj m;L_Lq <3-5---t '^j^L-JI ^jjJL 4__}La____I| 

J-4-C i^^-l^J-JJ ^—9 Lijj^tK SL*J-L>. (j-4 ^^JpJ JT^U <J j<l K\ \ (__£S jU ( .1 "vLo 

^jjjjIj 4 * aL>. ^_Jj 2oj___J! J-c. 4jj___i_>. 3j-j->- cr^i '*—-_- ^\jj ' " <4 _£j_-»i 
pl j o j^ l <_-Jc j^l__j-__11 j_a t L_j__wjJj_j_>J| <___* ^ljj-L-JJI 4__>.jj ^-J-C Jj >^> tU 
f IjJ-J-^ J-ll JUU Jj-^j.-? ^JJ^j-J-j <___ (jL_* LaJLuC ^Lc <__3j . j -» J1 

3-Cj-ja <__a J-utJLt L-oj-c. ^Jlij ^ jl-lt 3y,Ujtl d,„ , j^JJ postdoctoral fellow 

4jL$-I1 <__ Jj_>J ^__ul jjkj J UJ**""J_ A 4JjJL4J ( T )^gj ni itl ^-jl t n ntl ^jljjUll <(L_iL_» 
4JL5>J jl. l in l ^Lul <___} UJ ' "j j A <__JJ (_£_-« J__c . trt n\\ (jj_-___j_*. jJij-ja ^JJ 

.L_JL___b J-*-Jl (JJO J>J_a-_ 4_}_J (jVI J*^J tJ-«-_U (j£j_w_Jl L-£>l inCl ■ n^U ((LuL_)) 

^L-a-oII (jrt inl l_j!__Uj Ci__u C— 4__ * 1 ^YY j j o < nj Jj ) ^"1^ J-jJjj i_£jfl mi <jrU Lo 

^-JJjiLJI \X ^14^11 *l__l_,l , w ^i n f L_jVl) jUjjI 

Cj}_> C_L__ Lc_i l( j_>jVl <__1J j o rttl (j_c CjL-j-C. l__JL_s__i (^)(3____jLu I <ft o ^ d ^L-fjj| 

ju^£h-JI -L_>JVI 1^1. njl unmanned *L_____ jIjj (jjj j_a S j *1 a cjLl_>j-a 

4__jjL_-4 (__3 t^-jl <i 11 jJJjjl jJ__«L_JJ <j_-l <"» I Ir^l -W (_--jJl C-l M ttl ^-_3-4L_4 C-^____lj 

(_-Lc l_3j_juJI 4 j rti^ <__lc £________] I jljj c-jj- m^jJ! - (j^LSJ < i t jl I l___l_>. i(jj_____jj_iA 

4_<ijL__JI jj__*____JI JjIjI (__JJ Jj-j-sjJI 4_i___j-d _ ^l o"<r>^U 3j_j_JI 4jj_it-c__JI -J_____JI 

lJLa C--l_b JL-aB i3j_j_L-3 LjL-JjI lJJj C_)l_i)) 4j j___j lJJj (j;l_La j-^Juj v jJ-I ^JL (jjo 
j_-c___j_JI lJJ j J < i i . nj j .« ^4jj ontl j 4jj_jJI 4 * j iU (j__>j______5tj Cj__-^_5_jJI (j_-) j__Jl_JI 




jL- ^ jJI cr^^J J ?*tl LS_fl i \ j Aj j 
^_->-->JI l^___jj ^j-i jJI cLo-L-Jl ^jj__) 
3 a ,jU-c ^-aJIj iALH 84001 
cL___U J^___jj_>. J_.j_- ^ jj_ic <lj!>_j 


Q* 4_jjJL_>Jtl 4jj____Ij jj^- i^tl 4_p. oL_L__' -jj->-jJ Jl <n -wl _____ _)L_C _,J 1 <n'q 

<_> <i 4 <■— 11 ^jwa 4___lj_} 4_±_^_L-t±AJL) ' 4__ iu 1 _, ti l**n j-A-aJI <j1 4,*ij *i~»- ^cCj Cj— ij_w__J1 
JLJ- *(_--_- j flt*-ij Vj . _>L_j_1 1 __« £jj _jVj (__;j_>Jl l_3J__J1 Jys J_i* _-J1 j riltij Lj_T 
_-lcj .^.1 mi-k_| Jl_-I ^Umi _,! T _»L_L_>Jl L_^J_>_ JL3 __Ul L_.tj_J_i__Jl _____ 4 j miJ 

^c_-j _--Lc j . LaLcJ 3 Jlj-jl} j Juj C_jI_T j o 7t\\ ^-ic J>L_>. JJ->-J 4_J1 <i" *v1 _J ^_c.jJl 
*(j-»j -I __lc _»L_l_>JI Jl_j__3 (_-—C _, n jj <jJ 4__1 -e__>.j-i1 _»L_l_>J1 _»j_£- J__<L _£l _,) 
C-jLiC 1 n ^ a 4_a__>jJs _>l _J LaLaj 4_4 j Q ri a L_£jL_5t_-i ci oltll _;jj C_jl___ Jl____ 
C_o____3fc__ J__o__ i J__j>J1 _» i "~s.tj * L_u__j_i _?JJJ JLS j_o__Jl _-lc _»1 jtt 11 jJLuaJl 4_j_A_-_lo 
_;1 _j}L_j _jj jj-o ^JL__J1 irV\ — 4 — >- ^yja j — o — Ul ^j-4 4jj \ y[\ jj—_** — c__Jl 

,d_L_LiJl 4jj M.jtl __J1 4jj_a_5 plagues 4__jj? 

Jj-L-l (j-CJ i jUjJ I L_) ___»_) < " < (j"n 1 i^jjj Mittl ,jj__JI _j_yO L-ll J Mt J < ii II i \ rjf J^L-W. 

_j-4 IjoJj 4_Jt_>- __Jj 4 *i o t"U (_;___« CjL_u1jJ CjjI .j o *i iJ 4jj o n\\ C j! m ttl 

cj L <^ -l_ u- -> J L j^ltTu L.»j._a L_->^-_r> --.j tj-4-dJl ^Um (j___iL-_-_- ___. _r__jJlL»J1 $.1j i^tl 
_>j-— « ;4jjLc j_ic cjI <ij tn-w L^jl)) (_^L_La Jjjoj » agglutinates cjL__pj__>.VL Sl o mU 

L_JjL__L_j lnir>VI Jt ri; C-_j__- ____!! i4jj o rtll 4jj__UI *Jj_->.! ^---ij 4 j itLc 
.«L^Jua C-JLLa (_--->■ CjLujj___*-V1 i*ii ! jj JL-J . ( C )4_uiiJ 

ALH ^j__j__II j-_s_jtiJ e^^tjjJLI Jjl_sVI ^__gl_>T mIj nl" j « _»_-> ^L^Lo ^lc UjjlLc 

i'iid_ LaJUCJ i j-t-il J) o t **i j 4__jljjJ LjjLJ ^-3 3j-JLl_> 4_iaxu>. 0__jI)) JLs « 84001 
4_vjj __J1 4_L_5j i_j_uUV1 _j-« j_j_u/LLoj ("itln^ 4jjwi__3 j_j1j-Lu _--Aj J 3jjt<nll _ jLuaJI 
_-oJ1 iCj_jjj_>_1 CjLjj_> ___4__i_xjI Ciij t ^ L-^Lj-T---.^ _____Cjj L_6j_j-C j-4J <. J-L--J1 (jl 
^jJj _-Sj-aJ.l1 j--*_->J1 LjL-C *CjLj_-_1 _>_Jl_ CujSo ( hf\ f<-^__l _jT CjJjI ,4jjLc j_j_c CjJlj 
_>c 4_>oL_!1 jj_t____1 i Mt Jj1_j <".**(ri"n 4jf J_<__l>JL1 _ysj .4-_J___ JL_C !-LJ_ ("nriltl _-J1 

i_ij_-_j 3j_> mj mmT -»jl_ ij-^lj-1 _-fl .41__1jli L_-lj-i _-_J1 shock fractures cjUju___J1 

JL_9 CjLjjj-CII 4_j_JLc _j1 i ^ " •** __tj . 4jLjL_ 4_At_o _ jL^L_ iL_iL_ ,<-_jJ1 __icj 
CjLj_* J--L j-_L__t (4^j1 JLjljO dj^Lajj (_£__! _4 j ^ **- .«jj____£J1 _»J_b (j-aJtJ J_-|j C-Jj-lj 
(jt-J f«l__ __ic JL_>Jl 4 t j jUj 1j-L_> . I ^ j J^Sj-JJ 1 ^ **( JM JUJL_>_ J_4t __ic iCjLj-Jj-LII 

jj_vj __ic _Tj_-1 Jj-^j _;! jf CjL_jj____>- __ic _;j" -sl jl9 4_<uJl_J1 4 j VjjJL1 3j____JI 
__ic 4JL cjLojLc _*x. ___*_JL jj^ 0*1 Llj (jj i n jj Cj-_>-_uI L_')) ^L-Lo Jj__u . 3L_>- 

.<((JJj_0-> Lft_4 JxJtJ1 _r— - L_-L-u1 J— -£) lLUjJ i|«jJl_ __>- jJjJJ -LLi-J 


6jjwJI _,_» 6^9f>9J0jr6J^lll 


_y- 1 <i itij j f j Oj .* j ">j ^lSLo p . - * i^^i j_L*J1 (_ij^j>.j ( rtj >^ JM->- 

ALH (^--j-uJ! ^jsoJI ^jjo ^j 4-i_aL>J! 4_Ll_II »1 innll (jj-___j>. J^j-a ^5 (j^l^LJl 

j!£-1 P^j^^M Ujuuj 5uju12IJ! >aL>JLL ^jl M^^J 84001 

j-_&L>JLl (Jj-bI ^li V " im! cjUjjj_IJI _>-« *L>~- jjj_-*jJ! _)^> ritl < < I U "mj *3j-_t 

£y& 4 j r I « ni f h 3~" > " 4__>L__ujj 4____l__ jjl Jj___-L_____J1 « _£jJ » (jr-l *4-_ujj *KtVl 

_>* beams f>-~ 3M-tol Jj>k 5 "'^^* j-~L^>J.! J-*-^J >oLjj ^<JVI 
jl ;_>_. cjUj^_-__tyi ^ISju! jlLc Cjjl*j La 4___-}L- ^j 4 4_u_*J! _____ CjLj^__JVI 
-!j_jL SEMs ( v )5 » IM UH " ( < tVI j-_*L>JLt J.<i tlj .lJ-jl^]! JMi- Ujj^» 
TEMs (M^j^JLI ^jpSjyi ^aUJLI __j__j Ulu ^U,„tl _>__ cjUjpS-iyi 

_-ii) CjUj j C__JVI CjI j! Jujl J^ioliu _>-«j ..iUm.II 4n j V) 4 m f j_l__ luLj^-1_J^! 

J_jL_*J! _>__ 4j_j_L>JLI cjLjj "<tVI l__! j____1 j t (4_3__t_U1 4^jj__CJVI j__l_>JLl 
^j^_>JLI jjhnll _--ti-J {JLu <(4__J_jjJLl ^j^-.jyi j_aL_*JLI _-£) 4 o i ri ,ntl 

4-J_-JU 4J_j_jlJ( 4_j_u jj— uaJI -JUb j ^hlj fllt 5jj m <m <jJ micTOSCOpistS 

4_wj_ cJlL I ^pa i4_xjj_j_J1 lIiLkjJLI jja 1 ^jlr Jjjl__>JI 1 nlUa (j^-AJ V 4jL_t____ 

.0jLj *j-«JJ _>_waj _^_J1 (J^__J1 ^L__JJI 4J3_ 

^,-i-iJ! __J1 4 j <nl__-l 3jj____j j 1Vm jl Ljj__ LajlIo) Ld_L_L_Ajj ^jmjjS Jj-Sj 

^,I -V Vl, ( < i I ___! Sj-ui- (jy-bj < Lj_l_j£ _ (j-tLajj ^-J-^ jLlojkI j-A-*! <■ , iltrn * 4_uUjjj__J1 

1 1 n hm<1 i5j_l>J1 dJL_s 4__L_iijjj . tunneling 4a___U]|j 4_> m.LII 4_ujpSJ^! j-aUJJ 

j-_*_>JI (j-a 3j_j_i_-_ J0U_j (j_-5e-_ J>-l _>-xjj *<{^L_4_l_bi-J 3j A a 4_i__L__>J ( m<1jJ 

jij-A ^-j. o^-LJ^ l>° L-j_t_ij Ljjlj^ _ (j^Lajj l_^jl-*1_-I t ALH 84001 ^j^Jl 
tL 5Mi_vi _____ 3j_5ij_m 4_^__ui 4_uj^sjvi ^uai (JjJ.! »1 in rtll (jj-__jj_>> 

_y» J^' i4l_Jj_ CjI j-_-cjJU _yi_. 1 $ * y JUjj V Jj_i_sL_u 4-jjj __!__, 5jjLa-tj 
-r .nr>! t^Lt_--Vl j-o _»j" ' ntl I Ju- JLlCJ .5j__u_J| (j-Sj-C L-S^I 3j_i__C /yi tj_>- 
jj___Jj_>. j--J_A jj_>-Lj < llMM <lj .^UlA^U 3j-jI J---^1 (j-JtJjJLI (j__J_J_Jl J_£t_>Jl 

rims l__! j_v c_jL£> 1 .(_-JLSjjj (jjJ cjIj l_jUjjj_\J1 l1»Ljj__ < < !r I q] ^L_____-J 

(jrJjU _____ ^ljj-LuJI L__tj_>Jl j J>-J J-4 *L_L_>-__ jj ( II Ij (J-4Jj1 *• (j^JjJ Cjlj CjLjjSJI 

,Lj-_J1 .I^.I^SJj^jJL» l_jUjj^J1j.(M jjjj^I 4£Jt_ Ju r^ntl JJ-L-JLI 

4_-lLc cjLj_j__? ^ ^Ll___l_J! jLHI jj£Lu L x_Lu ( jljjl>JL 4_-.ir _i! >->Jl L>* 


j__bL_>iil (— ij-4-_>? t^Ljj-i-- 4 j -wjLjJI cj_iIj__*JI cjsI^L? Jucj .^ j . .,.:A |t|_, 

ijjib-UI jlLI <__-__! ( elongated 4_u_*_lll ^JuJI l^_o_> bjic. 4-r ,„111 ^jjjsLiyi 
i^jj^lj Y* »j T* ^j^j L^J ^jLd ^jljJb (^ylJlj iOvoids nrmll» ^_i__l .t^ 



w <J j*n j-^jkJI Ol U ttt j^j Urtl j>, \ , ^'tti^i .T.ttt . (jUI clitYs * jji^JI* _<■___> 

«i__s jJ1„ 3^-3 3>j_JiiL-a 5jj -aII _<.___> J-^j- 4 W-^i* -^^iA--*' *"''-' ' " * ' jj^L__j OLcLijjl L4- .ALH 84001 
■ Jt^ <__!_( j_L__»-Vl JL>»] j-iis^ .OljJU^jUJI ljU_4 £-*-_tJ AjjjJa £__*j ^.ni^ _^>*JJ £DjU.I J-a £_1_L_JI shelf 
^J__JJ I jjytl t d ii j 5j £jfj___ l5_u___»__) _^_)-JI jjrt_Ljfc^J^j_pJ l dLuojl (_>j) in j j Tt -4-lSLiy 

.(«_____» A-LSjj 5)j__3-) 


4 i '''") Cjl jirtj J l JK 1 C-u_£> >f 1 Alt (jj < "'^jr?- J^J-* cr^W (jr^! 4___u__JL 

m<i . 1 LLLJl ^jt^ * microfossils 4jj^j>JLI c_L^___>J1 J _______ 1 

d_ij__>.jJJ CjI j trt j (^SJ .CjLj^j____j1L l(j if ^L__j C u - "* J j « tn\\ 
^ t j_tu__>tj Jj t ^_»__>J| 1_jl__ ^ ^-lo- jJuus>\ CjLj^jj^JI CjLjj^ -_2< !_>_*. 

^yJJLJ J-A . _>^jVl (_____, L-J dAj^ • a 4jj_^_3__v3 CjL>__-_>- jl 4-j->- CjLuL^ _£l _j_4 

Jl>-1 V SdLpJl Jlj__ ______ ^LLJI I _ *p _jf /y_ jJt-__>l C_j_-T CjL <>m Jl _jt IjLA 

iOL^LbojJl f-^---*-J «LpJI CjLuLSJI cLLi 1 jl . JuJLseO-l 4__%. j ^.J-C. 4_jl_>.Vl ^cLu 
(j_jL____J1 4___jL_J1) 4J5_L_]I CjLjj____>JI _>_- _L_i______L-) Sjj_x__u d-j^__Jl I ;;<„.. j. 

^l___j 1 _ a\ y -_ ] Jjt__5_j I_l_>, jJL__cJ1 _j_* jJLu C-L^ <i ^ .nanolossils 

♦ J__ I jl Cj 1 jJLc^j LJ 1 CjLj&J 



\ • • _jru Uj-Lai rj(j--J GD^jjiCJt J-a Obj-S -iJL-* ^ALH 84001 ^j\_^ I j_^__>J I *lj-_>i _^j i 
Lg_>jL_- jl>.^jj ^l_Ujj jjJ -.LjjiJt a j__ J_»-1- i3jj__aJI _-__■ __3 jj_u ___JI __Uj J_U ( jj^^SL^ Y • *j 
_-_■ 5_^_>.^i I __Lj£jj5JI CLjj-SJ 2_(__wjt->Jt __i!^_>JI _j y J . c 1 *j ■■ ■ aIj -_. t j ■ , t-, , -_". 1 1 ,>i ,i JjJ_»Uu- 
t j___*_H__ \ --jfl. (jru I _ h <m L$Jj___ rjlj-Ju ^_t-__u_u JLSL__Li __<___ <ALH 84001 _-Sj-.CJI j__*__>Jt 

.( ( (Ll_L_>. -ULSj 3jj___>) tj_wa^jD Y«_)\ • jru L^__b>___) 


cjLjj-o->J1 JlSLcul 4>jl-*jij cj>\ jitss j jll JK <"it ^jl 4JLjJL>. ^jLs iJL>Jt 5 • ^ . U « j 

tL £l£L* J-o_C JljSj . oLj-o_>. VI ^-A Lq oL-i-a-j-JI <j? C < /n V t4 j i'ojVl 4jj^_>JI 
oli ^>J! ai^.MI f Lo3>VI dJJk (jt oLijV JLu Ljj ji^— ^ju/Lopj i (jj) i u-i. j >. j 

t cj^lUI <j_c £_Lu ropelike JL±->JL 5 <g m m.II elliptical 4 j-a-LUyi JlSLiVl 
3jl_>J-« Bjj-uaj ijuk (^yJa Ij-st-so jj.j .oLjjjiSJI cjLj__> (__JI ^ a " <Ti Jjl-JLj L-jiSJ 

LoJ-Lc ol j t ^ j j II tiJJj ijj < nl^ (jw 1 » (j^J ^L-^I Jlj_-JI cT^jL *Luj-Sj 

i^LUl Jmrtll ^ySa Jj-uaiJJ1 ^j-a Juj-^J JIJjjJI IjlA JjI mimiJ . CjL^jj£JI Oj$_o 
9cjLj£JI d JlA j^-C jJjj : jJ>-I ^ < ii j\j Jl Jjjj ^-Jl J-ujLi (j! £yi JL)^L_ iL»'-*! 



^Ja 3j£_v^i,l «Uj j jT( j*L«__».Vl -.i ^j^It ^j^-liJ VI j_g->J.b i"iV>n" tl ^JjJI 3j,5___\Jl £jL-> j ^ IV) 
^replica J-_>Vl j^Io 4,^ ,/< ^ i^-a YI jJSlj i3j$___Jl jJil . ALH 84001 ^J-JUI j-s^JI 

>Jl j *< * ^lac SiL--tl 4 -■>■ nJiTt d__fc *_1~-J^ .^ySJ j.iTt j_»__>JI <j_« "<Lj>»j^___ {jj* l_-JL3 
J-L>o i Tu>r"t t-J) -_Uj ij2>\$ iLaj^__->j l__jJtjf tt"> jhdl 3_Uj « T i. j . «T l J^» 4— »1 iu * ^jj^JLSjyi 
,V->n>3 ^ j^^^I uijjjSCJI JjJa ^jJL-djj .GU^-LSJ VI £L___v Jjl-aj jia-J.1 je-a^j» decomposition 

.(«Lu/Ui» 4J_>j 3j$__>) j--_5 jji^SLi-* jjj» 3j$_-JI 



6j_____JI ,_-9 6^9P9oJI _J_AJ1 


?ALH 84001 qp_Jt-Jf j*_Jt ^ .***_>' «ilbjC j* ,tf 

j-Jaj 1 juk ^SJ i4____ Oru>L i , o ALH 84001 ^j^l j-^-*-' >^ 

_4_l J-*_i-_J iSj_5t____Ji ____ Sjj^jll CjLjjj-JI CjLjj^ j_v*J \ V\ct'°\ ^ I Jux 

_3jj___JI j^_. 4ij-_>J,l (jjLUI jL-c-Jl ____>j iaccretion _-_«L___J 4jlcr Jjuoj cjLIj 

l-Ljj-^ pK <i u J^JS t-_Jj_> j_a_M _)__* ijlj ._>__--U \ fl<>> t; 2j-____-l ____ 3jj_>-jJU 
__J_J S4_u__ ^J-Ai j-l 4 i mi <>j5Ij 4juj! JjJ_ 4_u_U_4 oL-_uj___*' JjloJL CjUjjj>__J| 

S_Uj 4j3jjuj 1 ; ;< ^ 

(jjjJo <-j_jjj_~JI cjI 1 < 1 jJi j __*___? ^j_j-jvjJj-_j_>JI jjl__j <<j— >j-M c 
_-_JI u_)LS_-Vl <_____ l-s^lJIj U_Wlj Sjj^jII 4jjj___V| 4-pJi c_L__L__il 4j__w>U 
__JI 4 i 4_v_La j j ^ 4__bj__Jl dju_ _>__ . 4_j_>JI _j__l_Ji L^_i__ <r< i-Lc 

C_) l_> _)} Lo Jj_>- 3 JL>> J_? CjL— 4_L_4 1 jt Q ml i4_-L_4 C—l—1 jJj) 4_|_-_-JjJl! 3j____]| 

___ 4_____ll ^__LjjJo ^jJI ^j_^jJj_j_»J1 L_>J ______ __UjJ t (>L__>l 3Lt_>. _JLi_ 

(J!j_*_ _jUjjj_JI ^jL-5 i___>JI tj___Ij . 4 t miU 4jjj VI Ji_>_ ___t >j ijl 0 r _M JuJLjo 
L^J^Lst-i j_-lj-J l<jlU" (j^^J Cr : - , 5 « '"^ *JJ-VI £>Jl__ j_4 4jLj_J 4j_u___ CjLjj4_T 
Ju JL_>_ ____ *j-ll J-«Lj 1 a, 1 jf j_4 _M 4jjt 1 r> u— _ .1 i>iT)j .^j-i- _ f l _jjl t,<JI I a 

(_£jj_>0 V . 4____j_Jl _yl j_>- 4_L>» _y» _U- 1 J <■)->* ____ L_jJ___ JUj-J -* 4jj__ j_*__ 

_ya 1$ m,,Ll_ _>_Uj cjL-_-* ____. ALH 84001 __-^_l_JI j_*_>JI ___ 3jj_^jli cjLj_JI 

AV _ ^jjJ_a_ijjJi jjja 4_)Lj_U 4 Ij nX CjLj_<i__"j i i * _ ^j j imLij— iJI jl 1 * _ _)j_vjVl 
_JJ j j_^J_jj . 4_ijj__J! ^ juk /jj^U"t 4_l_L— L-_»jj3 j_5 jj ___Jl * AV _ ^j-j___jj_u_J1j 
oJJt jj\ __JI IjJ-U i4___ljj__ 4_4_ujj_>_ 4 K mi o L^jI» Jj-ojj ____uLj l_LjL«»jj j-uJj--" 

.((JJ-U-JI 4_u_Ll_4 CjLjSsJI 
(jjj-A-C __Jl J__oj_lJI __JJ CjLjSUI j 0 r Jlj I "r "\\ q\ 1 V a _)L_JjL_?e_« CjJ 1 
I4J Jvfl MM._il ^____J 1 *4-JjVl ^jLUJI _;j_-i CjJJLj- Jl___ . 4__j__U 4_vjJlj Jryilli_- 
(jrtj^Lj V , 1 j~- ij L_j_<j__ ai jiiijL» 4l_5__o ^yi) 3jj Miltl ^c^L_U ___ i>J>Lajj m^L_w- 
4 j MiLlll 4_jl_o_>J1 ____i ^JLA jjfC_L-__ i_j_ojL__Jl Ja____JI (____ _>_l--1 ; ; mi L«-__j . 4J__- 

j_-t >Ls iJU. (_^i __l__j • jjjJLi __!_! 3L_>Ji j^a 4jjIjlj JK.Ju! jj_>.j j-j-J LoLoj 

j_i___J1 ____ 4j ^Imi ~n (jt L---J_J jJI jjoJl jJL__ j_Lj ^ »L_1jJ| jya J____5 |U-J 
_>_! Jjl Mi"jj Jj-_J . L_jLj__,jj L_j_j_3jj ^^Ljj L^-l Jj_>J ^CjL-wI *m 1 nVl _-Jj 

cjnj^L V , 1 j -r ; ) j_*jJI jjjl_u ^.Jl ijl___)jj _>jjJl (j^yjjj j >Jl j__-| j-_>j * Ash 



ijj inill Ljj->.j_* throwaway 4_uUb-« 3j_*_j _-__. ^U,^ 4j_u<I j_«Vl <jL£» 4Ju__ 

JJLsc-jO j-«-C IjLA _jl Jj--5 _jt aj-Hj * J-JU J a"Kj ^J C-Lt-il ^Ljj. (j n -> 1 j JJlj 

.«[ ALH 84001 ^j^ill j_-__*JI S^jll] cjLjj^JJ jlc^j -iLi <jj- 

Jj-*-* *jj"Kj jJu-^l I ^lt^ j4 C_Ljjj£J1 CjLjSJ jJL>. _;jJl J->-^1 J-^-*-l L*f 

iWadhwa IjjIj ^KI ija _h° J-C j-cj-1 I_jl__ ^"ihi «I jJsj . < U <i > -J-__ JjjjL ) 1 
j_-j iLugmair jjL_>.jJ jJIjj>.j i ^cKj mii jJLjs < o ___ J-a*j 4_lj^jJ j_i>. -__aj 

j_is__>J1 3j j 1 (^JLSj <Lj_u1jj _j-4 ij-ai-jjj _)L_j Lujjnj t_£ 4__-iL_a_J _r-1j oj^ 
4jj" ^ 1. 1 _)jL_J>l t " ( 1 r n ^ 4j i <t jULuua 4-o-UjI J-^ L_>Ijj_-jj L_l ri-r i u (_-J_t1 i_^j_ujM 

^MijULlLa _u-»L_j iPicking microscope ___-_ ^d-*-* ^ Ij.V""Lj • _uj_>J1 __i_. 
cJj-c. ._)-L__L1 4^ u- 1 \ 4^**3 cjLJ^jjSJI 4j1 j)f iinagnetic separator 

____ ^j— >• 0 * j. ui^-^J tCj Lj»iJI residue 4JL_<u ^lj-a- jU < *i in"i 1j_1j 

J__<J_-J1 JUJL->U J "" _,_-! AV-j* J J i l i I jj, "l ( nt l 4jjjl _yj 4__J_-*_>J1 ____4> _)-4 <J J jW 

. 4jLuJ1 _.lr jjL_w>.jJj l^"njU ^yJJI i^^y^Lui^l JLtUI 4_i___ |»1 j *r" miL 
___ ( Lo 4__l__ j a C JuJ_rc__J 4__Ljj_L_J1 olut < *ii"K" _r-11 CjLj t irJI _w4_— 

La jJL_u i \ fljlr qlt II J-*_u _J <_■ > 7- j ^-JJI 3-iLLI ^j--! 4_LLl__JI CjLl*>_vJ1 

(jjjj r ^jiil jjl "jj (>L-j * L^j L-bjj (d nj jj 1 jlr < v ( » jj (j-JJI 4____jj-L_J1 

(jjSu 4_4-__j__i j ^Uj ^JJI ^jj 0 i T 1 ^-Ir 2j-_u__i 3jj mi Ij-ilj ^jLjj J < f\ t"n > 4Jj__-J 
JjL__u (j_c "1*1 Cj 1_j> jlCJ I Sjl—c ^j 0 q\ ^j-jj " ii" (j' ^ ^J^ f , CjLjjjJ^JI 

y\ ^lJj ^jjJI 4 j >LvjJI jI jJLl (j-4 ^jj-j-b j-Aj iMaskelynite c>,jmK , „111 
iC-4.Ij,K nilll j j r ^j__>.l <j J L_t__-i (j-4 cjL>jj->J1 3jLo CjjI I jLJs .cjL_*LLjjjL1 

[ijjljj J 4 jlt rttl CjL-_jL__iJI (jl . 4j £cjj$-A j^-J-C. 4Ju_u tj>u-J ^ , j-4-C. j trt^ 

4j_CjoJLl oIa . Jj^ljJJ 1 4 XI (3j_JU_a L-^!>L_jL>_j jjl 4jLiiJ 4 ^ j^j 

1*1 t [ Laj o r j-jjlj5-_-Iu ^ j___lj ^--Jl] CjL^jj-SJI ^_j-> J_a :^1jjJ1 ^-JLc S j j___>- 

Ij-jU_? J l"*J J-4-J1 (jj )> Jj-^Jj iljLA lj jlj ^J-OjJlJU Vj S>,r,J mK ( nLll CjL-UL-O- 

JjLu ^ J-«^j .4___-__i__> j__b_JJ1 ^ ju^j imodel-dependent £j><*-J1 ^-JLc 

.«LuLtjl _^ 4-JLJ1 jj^mJI J>U- Ijlw. 

j^jI CjLjjj-vJ1 CjLj__i jU-cl JuJl_>u » q\ __j_> ^lj ^-.3 4jj_-bj_>J1 3 Unillj 

\dc-l£> 1 jlj .« LaLiJ L_^j ^jjj-* jL_4-c I jl>-jj V 2L_Ll_L>J1 ___ej . 4jjt <^>11 jJL 

(jjl ^ SjLjI j"i juj-11 j J "i iC-LijJijSJI J.. 4 . tl 1j-i1j jjjLj 


6j_i___JI ___ 6^9p^oJI*6J^lll 


^J _>-J j*l <i W< i jJljj 1 JlAij i-J_L_j -»Ljjo ->->• j _--) __Ljjj__1 C i K mm LL__ :_j <>ifl 
(j^juu - 4J___ o^-jL ) ,V*\ jJLJIj _ lj-lj 4jJJL_- _£_-! «j j* i^ill)) j-a-iJl _)L-t 

idJJj £__j . c_j_jJI \Lut> __ja jjjJLI (jji-c 3jj-_*j— « ______> 4j_il miTI -»L_JLl (jl <_> 

31 5" U cjLLJI _>* J-L^JI ^l ^L__VL .jcj^JLI jj_--J V-->- 1 oLjjJ__JL_ 

4_jL_ J-__ 4_>U,n __!__ *__L_J1 oLII j___ jjjJLl ji _-Jj j-x___; t i____MII 

-_iLjjj___ll CjL jiC jL*__ 1 Ju J_>u _jS l_Lo m < ^ ViU j-j_- g. " , m 1 mj J__j . 4_L_u _rLij/L 
_>J -_i__jJt1 jtj ^ JJL ^ ^ ALH 84001 ^^-^ 1 J* 

j_i£) I Cjl j (jjJ- 1 O^^^-^jW^^J (JJ. ^jb-?"^ l)-- 3 ""*- LT"— ~ 4-J--— I lt^ 9 (j ' "^"'i 

. _jLjjj_kJ1 3jLs _j_a j j^j 


*d\d#jU) +Lji rtiin i.i-tll-itt ^^_4t 

L_lybe_4 _)!__ 4 __Ljjj__J1 -__L>iC L^jj_4__ ^--Jl ^_L__JI _yo _*aj}LJI jjlc _jl_T Ll 
ALH __5_j_j_J1 j_*_>JI L^jj_L__j l^-JI 4Jj_'1 _yo £j_a___j ■ ^j U ,>>NI jjjtja jj_ _j_s 
_ij___-j_->. j__j-jo __- __*i ^LJI _Jj' ijtjjJLl _____ 2ujj__ 3Lj___ j ^__». j _____ 84001 

LujJ i(jj-^l (_-J-- (_£j-_->_i J-)Ljjj_iJI CjLjjJb (j I 4__j___>J 4_j__L_- 4j1 *r »1 in nll 

.4__l__*JLl magnetic minerals SjmmULlUI _)_LtI1 _wo t 4_jA_ 

jt (j-?- ' "^yi J-jljli £-0 , lj, \ -r\\ _jLl^>j3 ____ 4 J 1 n jUI */« U _jjl tU _____? _j1 

JiT L , M~" *! < . yj *3jj__U_4 « 4 ■1„- I mU Lj_t_4 JjJ fi ~- B _yi _jjL_ll _J J__4J J . SUltlir 0_)J__\JI 

_jl j>S_CJ l_>a Lot ,_P_jjlJ l~ ' mjUL-JlII JL-__«JJ taj jt ts> 4_L__»^j 3j_)l J_uq ■ I 
j_L_Ti _Luo _jj______*JLI 1^-3 j_*J __jJI _ 4___l_l_-J| t _JjL_JJ 4J--JL4 jLi__L_4 j JUJ 

_j O m i ! i_p_j^l _____ 3l j - _JI _yi 4_^y_L-c LL_ Lwt _jl _ _ysjJl ljjo _j-j V n r _j_o 

O-^M.jULiUI .L__i_VI L_^__-j 
_j^j_L jJI iferritin (j^j__JI __ ^ m . j L-jjj^ L1jJ->- L>-j__LJ1 oJu_ _j_a jujuJI 

t4 j < mjUI *< <t _j_L«_a £_uj L^JLa Jj___o ^-_u_) _ilL__)j tcorc 4_J ___) Ju J_>J I _jlj j 

L_j_lj *(j_->r., L.i,,,.5>- t lj jujl__>JI _j_o — o imagnetite r,j " j-L>-L1,1 L_j_I ___-j 
.__xj>_i__Ij juj_>JI _j_o jj_JLj _$jj| tgreigite c,j-ejj_>JI 
__-jh-uJl j-_?__>JL _jLjjj_JI _jLj__ _-__ __________ I ___J1 4 j 1.1 jULi-JLl (jjLtJLIj 

4J_l1c 4_llSj_ 4.i mij _;jJt) pyrrohotite __jjjj_lJIj u-.im^UI ____ t ALH 84001 

-^ij-^ (_-J1 4jvL- tj_A _j t _yo ^s-CjJl l-Ic *4 m n'i _-_o_J>_>J 1 j t ^",j-eJj->Jt 


£jjoJI ___- SLp qc __aJI 


__<_. dLUjjn ollu}-^ t>° ^'"i JollUl ojUJLl _> JLi- ^_- > - oj-^*J * ^^--II O-a 

JU___J_n J-*3 tC <j - J . j<^ -JLl (j-A J--J O-- 'J— 4 n j n J * JJ-^" a _£jjL J_a-<u 

C__p-^LLL_& : L_bL____4 LjjL L-jJ-j^; < JuJL>J1 J j ... j_-j iC_j-_*_j^_>Jlj 4 JuJl_>JI 
{y* CjIjj J-Jj'i J^J — ^->l JJ ^^Lj j_o 4ujfLs 4-jjIj — 5.1 CjI J — _wj (j-4 oj-_-Ij 
j-jjtj JLjJL_>JI (>* Cjtjj Cj}Lj q-a t^u^jj^>J| Cj! JL_>j jjiJu I oiu . .. < Vl 

<____ JuJLJkJI Oljj (jf IjJ^jj -lSjjLJI L--t-jJj_jJI (_-J_ C-_J_j_JI (j-4 Cjljj 

3jj <rn ____C_i*J ^^4^3 i4_0L_J1 jjL«_j\| ^l-v->J 4 j ... jULl-JL! (j_olj_-WJI j_- 4jjj__JI 
C__fe--J-jl ^-jJI <_--- C-Jj-jSJI CjI j j j| j^*-'- M< *^l ^lj j C-J_b _)J LaJ^ J__a_5 4u__uL-j! 

. jjjjl jJj-Cll JuJ_>Jl j_o 

Lj _ JUiLojJ ^-Ul^ U_JJVJ ^y-Jl <J (MjULlt-J jjLtll Cjl III f_»_>. £jt JJJJ 

L^l_L__l 4 , ,Vij tljJ_-4^jL> 0'jS ^ ( ALH 84001 ^j^-JI j^*->JI ^ 

4\,.n\U[l*l\ _pL-U (jr- U^^-U i£j-«jJl CjIjJ_-_j 4_$_u__J1 ___jj 4_ _ _ n 1, 1 -U__ 

jLSLi-jlj («_>. Cjl j C< L . l J* L^J? (J-A ^jtjJI (____C i I fltj HrVl 4-JjL_>jVl -JJ_l!1_LlU (J--4J 

<___. Jl_Lc (^jJl L ___L*-_---JI j-<ujJI ^ . Lj j"< .11 1 <j y " m ^-jJI l_JJj Ji-~ 3jl_-j_~ 
LaJu-C.)) 4jjj__JI (j_c jl V" V 4_-*_^_Lj _jj j j < - j_.Lo JJ cJL__ tj nKm f t Cy> *jL__J1 
SjU.h o Lil__ i^j^--_JLl I J-$J *[_jj-u. C-Jj-_ulj t[(^_L-] -_u_ u m -»Jl 

^LLi_el jljjl iC__-jJI jjj-wo j-a _^Jj . ( U )(_JK mJI Lajj Jl-4 c___* ^-JLj L Jj__J! 

j_as_>Jl (_-_» 5jj_>-j-ll CjL_jjj__JI CjL^__C ^ 4ju. jULuLll j^Uil 4_l_jj ^ljo j*C jL] 
.«[jj^It ^yk- ^-^jjjj 3L>. jj_>.j ^yic Jlo- JjJju Ljjjj ^j-JJI 
jl_>.! j! .01" j'>Lll J--* ^^sJl JL-J___l___'l JL_>4 Lj. J "Kt\\ j-___-j LaJlLc 

j j I JJLjC gllj L^jL-3 tC-j-^-j^JI jj C<.jujj j Jl Ji-A JyjL->JI Cj Lvj rtl.n 

_jL___jjj Jj-_u . L-^v-i j I .. i J JsLjJlj ^_5t_>JL L^Kj t 4jLl_ul__J ! cjI ( I. jULuLll 
Polytechnic 4_^jJj_£JJI ^ji-JI ^ *[lh^\ jL___j! >-j iFrankel Jj^-jIj-- 

Y )j_jIjj tfJu- J_Uj» J V " ^ J^ L>*Jji oL-~ C^ 9 LJ»JJ^ jlL-" 4jVj 4_jl_-iL_>J 4L_»jL-J| 
L^-va__- jJLu 4-p- CjLu__J Cjj4-__>^j jj\ lJjjJ 4^ T )4Lc>jIjJI CjL.ijUL-UI 4-u..V^I 
Ju)j Vj *«4_JI Jj-usjJl --Ll-Uj J__3_, ^ A( JL_4_CJI (^ja j_Lu Jjl_s-Ij Lj^_Lj_-j 
jjj£L.ua ^JL-- 4-_ L->. _ -j U L-UI _)-UjU ^JLJirl ,_u ^y-JI Ljj .j7v.J1 ^IjjI jJt_-->5 JjJo 

3jl-_j j-l-_! 4-1.1 n*i c_-_jJI (_y- <USJ i4L_»_>j-JI (jj- -j-i*-* iJL_-!j 

^j .ALH 84001 c^>JJI j^Jt J& j-aLL-_ ^l cjL.^j Jl (>o -i_*__ol 


SjiuaJI __9 '6±$?$oJ\'e>J±U\ 


L_Juuj i_>^j}U u iii jULulU JL>J1 j\_~_r..~ t .S 4-i nij ULulU L^j_L__-i ^JL_*__L__j 
_>£*j V)> Jj.SoIj--' Jj_^j * Jn-j-uVlj ^-L-^l (j-u jj; t CjLojIaJJ _t_Ju_> J*" M ij 
(___ <j » j «" 1 fl t< I i4_ujL>J| 4JoL_u^j J A ,„ Vl _ys (J i_-_ , | <?L_>_1 Id-_j_*_>i Ijj j"'^jll 

tjL__ cdJjJj iVertica1 chemical stratification 4j_^1j 4jj1 jo j< 2__uL__vo 4_i_* ^JLc 
<__JI 4_u1UlJI _1jJ11 _____ Jj_____>J| ___* UjucL-uj ct 1-/- , 1 ^JI *L_*_i_M i-s^JUA 

4jjj 4-_Lcj -J _ 4^*i*__j dLuo ___i ■ <_£ jJI ^j-oljjJI Jj-a l^t*i aj .« L$_J1 ^L-oo 

<_-l-- _ 1 ^-11 dL__*_;VI _____ L_e j t-JI _____ lj_L__ Jljj V 4J<J i£j___^j ^t 

4j i hjULulU Ljj"< itl (jL_l _ jcJ_u_JI __JI 4__jjJ_t 4_3j_jus 4__LcJ <_JJjUj * J-___-u _Mj 

j rt" rtj ^y-Jlj (5Lt_>Jl ju_e _____ f 15 jtl J^j _ys orientation *1 j_i__ VI Sj-^ ^ILUj 

. 4 j < nj^llUI j-j_- Lj_u_-JI L$-uaj-<t-C. tLlil Lg_JJ 
_j_j-j_Jt j__fc__*Jl (__il CjLjjj__JI CjLj_£ jjj i j< _ (J_jLojj _y-L_^ -^J^j cj! J-VJ 

3 jl-c.1 i ii a f.\ j/y nlt i jj-.,i.ijj->- jJ-j-a (___i tfjjjL__«j <_j_Lo i > j rtj _ < <1U i ALH 84001 
(jjL-11 (___ ->j-i-^) biomineralogist ^jJj-aj ^-jIjlc jAj t Vali __J1__. -JJI 4_*_»- 

JjJteSLa 4j_aL>- (__3 (j-uJjJ-JI ___ J__*jj i jJjXl __j1jjI (4_i_-JI CjLjI_JI lfl"fr" n __jJI 
<"il< iVi (Jj1\ 4 in fi V i U 5j1j__>JI CjL>»j_ mmj .(Ijl__*) JLjj___j__, ___ McGill 
JL_-t (j-4 J< ____. (j^j___-J Lgj I JL->.J _)->• _-JL_- (j-JJ-JLtl iCjLjUj-JI __»Ljj_S* L_-Jl_- 
Cijljj j itl iJUjL_>J1 Cj1,\ j rtlm l_UjlSj " j i^UI j-Aj i JUJL_>Jl .1 j ^.1 <t 

(j-« j j*i<t__ 1 4_j_>J I j_j_c 4_J_u _*! (___* Llxj _AJl>_1 (jl __L___jj» Jj^JJ .C*j_-_jj_>JIj 
L_U__ (j_Jj . JUJL>JI JLj__L_iJ JUJL-J1 iVjin<t (j-4 M_ J_Jj ( U ) 4jjL>._II L-i-^bJt 
. (( 4 » <i *ij->a 3j1j_>. 4_*.jJ JJ-3-J (jLji-j JL_ < i lr _*! __i_- 1 n ^'iL- i L___ I o <h-V 
L__^ i 1 j < i n*i 4 iriii nr i<o _>j1j^->. CjL>.jJ Jl-C C-j j£o CjLjjjj-JI Cxj__" 1jL_ i^LJLij 
(j-« J_^ JJ^*-J J j ' " ^ U^*^ ^J * '^>tl (j-l 4jL_ **j5L_4jj __LjLo jj (j_ijj__^ gr"m ml 
__J1 ^Lu_yL>j .4_ll_)j_ , I 4jj_*_J1 (j_fl (j-jLut _____ Jujl>JI Ju___Ll_j Jujl>J1 Jjni<t 

_ 4____j_Lo pH dL_L ____; __iLjjj__J1 j_uj (j^jJI JjL>JL1 (_^j__uj>) ^-JLa Jj-Sj i-_Ui 

JLj__L_jJ CljTl_l1>. Ll I (jj-O ^j-J - 4_i__J_4_>J I (j-4 Ij 1 1 n,1 £-__jj_~ (j^J_L_u_4 JJ>-J _— — JLAJ 
.((^(jjjl- jl i__o_X*_- j_j£. Jjl~- fl (_;tj 4ju_Jj_a dL_>L ^aj I" 1 11 j JuJL>Jl 

___ 3j <iU<U jujl>J1 j__l__L__j jujl>J1 j j m<t cj! ij 1 -» (__al in"<l jL_ i1___L_>j 

(jjj__J 4__aj V dJL__v1 j t^/____l__rt a (jA_J__u jj ~-j __J1 j j mij __Ljjj_J1 CjLj__' 

J >**J u!-- cr^l ^-----^yL .4 j 111 jULlUI o-L-11 ^L__y 3jl_-Ijj i-_)Ljjj_Ltt 



<_-! j-JI SLp ,___ £*3ul\ 


l_3-_-_--j (__jL_J1j cyLa- <n<_H 4_j_* l__1 i^j Lo__bjL>J t4 j mi jULl-J.1 jjLjl ^jjo (j-__j_ 
L^dJjJtJ ^ i * £ ^ * j . oL__i_JJ Ll^LusI Lq-l<.il^j £j_i_ij i JuJl_>JI (__!! Cujj__]| -_j___ 
J«"' ■ _, fl tSLpJt Jll9 _----- w ^ ■**'! Q Lu i 1 L <_____ J_j 4-pJI oLuL__JI (jL_ iLij_j 

__i_ lAjj ih .11 3jl_I(j . L^jLu EojuwjJLI jjj__J1 ^jjo 3j 

Lj__j_t_LJ1 _y_j*>La Lg-J-S _>"j t,3 < n <Vl 3 j j n **; 4 j i t i -h" tJLoil J j i i n 
■ « I " « (jL_ -dJ_Jj^l>^C__^ > J-_ l_l L-L^Oj^^l 0°)^tj_}_1 
iOLj_j__1 4_jA OujSu jL_L~ (____ Jj t4m rt*» jL_J1 ___ JUJ_>J1 ,V jrtldij Cj*ij t^ UI 
_jl jL___Lj . Jjj_L_J1 IjlA <jjo Ojwo JL_ 4_l_>J1 oLuLSJI jl (_-!_. _;j_3 J-Jju Ljjjj 
oLj__ (__ 3jj_>»ji1 L_i_J 4_^Lt__4 4 j i n j UL-jLa _jjL_l_4 ^Lul 1 ^ X <n Lj j "< . H 

Cr^ ^jj-ij^jil JUJ_>Jl JLu_L-_jJ JuJL>Jl JLx___V (__3.jJj.tJl J___ _1 _)j_e .oLjjj__J1 

. L-Ui r, . n ^ 4_t (j-o ^jJt ____. ,_fjnt a jjlu ALH 84001 ^-<>u-Jt 
L-ujj n jlL-T ,\ ^ t<n __^jJj_l_v j__j iKirschvink Ld_j_____ij__j_£ L_ajjj_>. Jj—u 
4_U ALH 84001 c^Jl j^JI ^ c,i,.V.<1 ^l g-LUJl <j_ .( n )t^jJj-£JJ 
ju__ __!__ cJK ^2u__jjJLl 3j_5t___Jl (j_o *^1j->.!] Cj\ L__ul __1_j V j4_s .___jj__ j-^5 

.«(jjjLc j_u_ LL<_- jjjJI Luj , SLpJI 

jJoLUI ____- 3___J1 _U_-J1 (j-XJ 3JUJL__ jj_^_J- JL5LJJ i ^ ^Lc j— -tjl 

(____, _-JL__ l_-j_*jj 4_t- jj ".< IV t j__>L>JLL jriT nll ^jLjj %-a *3j__t_ __L! 2L__t2jJI 

_)L< _)1 I ^ j * (jjJ^I <n".j d>ijLL_oj (_jl_Lo I Ju i(jjjj_>.jJLl _r\ j i (i jULl_JLt jru j t t l 

L_U_ L_L_Li-JJ (_y-Jj\-> j-? J "jj . JjL-JL 1 ^ J ni -J__l_ J^-3-J (___J_1_JI j_*_>JI IjLA 

(j^J (^ __Jjj-_ljJL_> -L_waL>- (j-« jj_l____*JI Schopt l_3j__u J_u (j__i \ < 1 1 U )) 4jj__u 
Ljlj Jl__j .5UjJL_x1I dL_j__-Jl oLa^Lc ___ 4— *-_tw j_^__- tSjJau ^LSJ^ _>_>l->u? 

jLi. structures _-_j ____. jj--J1 4 j <i< j ^jJ-a i 4 1 i n j _)5 _>_Lcu Lu Lj_i__1j i__ej__ii 
5lL_jjjJL1 4_jj______jJ1 jIjJLI jl_>J (jl L__u? \ ijir _)L_* i4_j_>. uLul^ I rtl^-. _)j_o 

_j^l_>- jJ J J *fcU ^j-j-ajJt _>_aju__j__Jl J_A (j_u ^J l_1J_ _jl (^-Jl Ij-t-J J .«_-JlJI d_>-4J 

_>__ ij____u (j! cJL___ _n_t_-LJ1 _-ic. jLi) t pL____JLI jj__uj>- j— ij-« (j__uLJ1 
__jL_< _^jJ (jL<» L_i_uL*jj Jj_u .-L j >>> t I t oL1jj_>JI t—el n> " < l ___ ^l j-__i- 

L_JJL>.I _JL_b (jj__L*J C_-p- i JjJ__U_J_4_u 4_«_xiLv _____ L^_'L___jl ^_Jj_U< - (J-uL-JjJ 

J*? (jj«i jn.j Zare jlj jjL___jj j_>a JajJI Ltju I jj .otj jm nll lj 3j_4>-Vl 

.«)\\o ^LJI j_uj (___ Clemett 


ALH 84001 <^>»H &ĕ OUijH *Li*)§ jlj 

^Lu_>*Vl 4__j1jJ ^-Aj) jj^ill ^i-j^j^ ^ er^^- 1 j'j -^J^-^dJ 

: ^^11 <OJLS 4_«_e t ( w ) (j>J-1 4_t n,l ^1jl^L_oL» ^j-L-JU ___£, 

^j^-UJI (j__j*_JLI (__1L>J1 (j-jjjjjl Jj i Jjj--jl ~ f ,i 4_j_>al_3_j 1_.Ll_« | ______ ,j_o 

tCr l_c _-_j m." ^-Ul 4 j >ljJH 3 Ut ... ^j t National Science Board (j-LLjJI 

Jjjj4_J ^ < ii j*jjJ1 jJL__Jt! (j-Aj t(NSF) ^jJj-U 4_j___>jJ! 4 i n i ii ji, 1 4__jLl_u t 
(jjL-jI) JLjM A jK 4-LjL.* ^ j|j jjj .3jl_j__LU CjLVjJ! ^-U-JI C--3t-aJt 

4_jL_o (JjcJ-tlj t JjL_ljL_. 4_«,obtJ »Ljj jJillj j * j< 11 ^j-J i^T^ fL*l\ 

j-JLJ _jUajl_- __JI jL__ i^-Kj^u (j-a 1 j'«jj ^ jtl < 4_x^__t_> l jUJI cjL-wIjjJI 
jjL>JI tHerschbach i n^-ut c^-jj- >*j ^ljj "£jJ! 4_2lL__.j ^-Lc. ^j m 

JJLkj* ^ Sjul jJl 4JL_^__V I jjJL__3 \ \A*\ L_*J1 ^ 4 n ^.La Jjjj 3j_iL-v 

.4^1 o>LcUjJ! 



j!3 j j *■ * -J>6^ '(jL-uJI tPj) Clemett W <( jh_j_JI ^-Ij) Zarejlj jjLiljj JS jL5 

:j >-_i() L^_j>-i (jj j j-« ALH 84001 (^jLn^ j^-*^' "J^iU -j_»>jj-Ut LjLj^S ^jSj^ jL J- n "* 

.(i-«j <h.«oj>>» -J->j-> 



4-ajIjJI __£ Juu j_tj jjLajLA 4_-uaL>. (j_4 \ g jlr (jLc-__~ ^Ij^I^ju L_*L-_lx 
<___} postdoctoral fellow -»IjjJl__jJ1 juu J-j-4j-£ LaLc jlj u ^j r.. 

(j ai t nj uiTlLi-uLo i * fl« * (j_»3 L q j^ 1 1 I Jucl 11,1 a IjI_l-_J L^— - *JjIjjJj_* **L«_4L>. 
j t ~t i < i j m uL-jL , 1 fl t a ___} La I in 4 J <j <*" I 4 » , ,m J!>L_>j .(MIT) L t>J) 1j;<C-U 
^Lj_>. I C-j_>» jlj Jj_*J • 4_jl_5 j_Lc j_xC *"j-gJ *^.U ^jjrt" (jIoj-jlj i L_>.jJ jJ_CilU 

^jU" irt? *_* ^yjj} Crtljl JL_3 C-J-£ «»Lj J rtll ^ i m rt 1 CjWl j > "l ^.t J-VjL-4 (j_JI 
i jJ_»Jl ^yjl 4 i ■.niJL 1 Jlj_>. (jL-* (j£ jJl t^Lj-4-J-sJl fU j_j-I_!-_4 ^J < ri ^l JL-t-U-ul 
t-L-u-J V ^juM L..JiAtl £-4 J^Lju! ^j? <j____ jL-_* (j-SLl >i.imi AJIj tL>u l__3t_Jlj 

<j-i->-"t JL* t --bfcj-_u3 nj^Aj ^jl_uV 4_J5*JI ..u^.r <__]} Cr^rwjj . stainless steel 
(jLi jlj-ajJI Oj_jl>. i LojL-c.» (__J JL_J_ . Ijjjulo 5*L_»-j (j_£j ^J jlj (j£j *<(j-t_4-_JLj 
(j^LJI (jl iL_iL_jJI 1 ajl t^-J JLs i[jjljjJj__" 4_*_fiL>. ^l] Sjij-JJ Lbj-c ^jJ 

Lr^J • J jljjJ J-* 4jl>sL>. (j_JI 4_>-jJ_J L>- jJ j-uCJJ (j rijJujL-uLg Jt^t 4 (jj_?j_lj V 
^ I J ^ 1 <iL) Li>J3-i (Jj) ^-ic ("J 4 4 r<S * ^j-ic. (j-JI **■**(■ n I C<t.i>»j i__JLjJI ^jJI 

(_-Jjl -»JU- C-uL-i . I rtlUa (jyjljj J----I ^J (jy L-^l i*-jj-J__Jl ^ 1 II II 1 L-lWl J l*lV4 
(jiM <«J n,i"L--iLa >V fl * <\ ^jjJS ^L_1_4_jSJI ^ « 11 ^ (j- 45 Jj— >Q bV <*t *^ t^j-jlj-yoL t A 

tLj-aJJI 1 ^L) L-^Juuj . ^JiljjJjj^ <U^Lx) pLjj i rtTI ^ < .1 4 ^__JJ L-y>> jj jJuSLilJ 
j_Lj |J j-tj i Jj*>L_*9 Cj|jl__ JLJUJ . « j— >■ t 3j— a ^L j -o—jdl |flni^ (j_JJ (__-_--___ 
. Lj--4jJj_> 4jl>a1j%j »L <ij5>ll j4_4_C I jLu_jI jlj ^jinl i Juu dj-4X. ^jh 4 (j^JJ^-Jl 
4j jjJol C__-T» 4jj__u Lujaj]j_t 4_jlaL>. ^j-S £>\ «>t af jJI C-_-jJI jlj j_Cj-b 
jjlo (jyJbj 4_jjL_*-j£J! Cj^LcL-jJI ^jl jj ^j_4 4_Lu i--> CjL_4-> ^j^^rtl SjLj JL_v 

t> j_4 JjV 4_jJa cjIju ij jJI (jLSJI j-b -JJi (jL-* . gaseous phase 4jjLiJI 4i_-jJLI 

^\ 4.,;r.n ^j-Aj i«( u )^jj_jji ^bJL ^-Jj^ji ^njUn ^L-iji ^-ic ^l^-J 

jlj ~r 4 1 „ i ) j-LJI ^-iij . ^L-U-J_J|j ^Lj-uJI ^JLc 4jj ^ Jli jlj t.uii^"») 

SjL3t_lll CjL^jjJ (j-jjjJI J--L-JI (jjl JL__u*MJ j-i_4 (j-3jjJ 4j1 y " < n*-*L 4 «nfl<l 

t-iLL) C-Jj_>-j--4 jL*l__u! <■ 1 i^tA J,t MiJ C-*_p- — JjJ__jL*I__ *Ll-4->. (j-JJ — 

jlj J jTcV 4 f«-__L 4_3jJL-C 5jJJ__U L_9j_*J i JjL-b J_UX5fe_Xl (J-UJJJ 4^L_4-J-JJ jj_Jjj 

Lo 4-L__ JJJj cjL_TjJI (j-4 4j_uu__JI 0L4-JI JjLJ ^ (j__ T-j— j (jjJI *Zarelab 

4-u_jJI u l r jj-JJI 4 t uit (jj "i ^L-JI (jiJ-u 4 JjJj (j_4 ^Jljj . 1 ^ nit (jjj (j-4 
(j-*J» : jlj Jj-3j -4__Jj Sj-Lrc-4 (jLLU (j-4 4__*>L_-S (j-3 (j j i l t tU\ L-4 (jj-UJ jJUj 



. « Lj -j_3 4Urt*i ___- 0 Ju_ i<^L_4_j__!1 Cj^L-> ^ill J->J jj-^-JI 4___-1 ^J_S__u_u 

____ jlj j__ J_o_c ___L__jijj 1 jlr c_L__jIj_. l-JLL. jj_j i C<j - o . jK (jj oj >< > Jj-2j 
_dJju ___-u . <<*L_o_£ (jjjt _yo - 1 j n I^jJ» ALH 84001 ^J-jjjJI j^*->JI 4_u/ljj 

p|j^>.yi ^Ljj! J-u_ i L_£J jJj __JL_JLj i-_u__J1 l-u.^_"m _ JUb jj-_JJI 4_u_u _)! 

. 3_3tu5«u__JI _jj-___JL __jjj_*_i]| 

< *1j r nJJ JU_U _, rtj -I i^» Jj____1 - j^j j't| jL_JV. VL I _1_3_-U__»1>) : jtj Jj-U 

(jr-* ^j^j- 4 (jtii ^t-jjjjl AjV j «___oL>. <j_o ___wjJjj_nj __j1 j <\j^ jj_j tBuseck 

jl__t_3-Vl (J-ijJU <LI _-J JL-J i(^) 3__lJ_Ju-_0 2jL_w| JM__- _JJ__uL_-__ 4_JX-4l_->. 
(jjfl Jj-JJ L^jV L_Lf_ JjL-LJ 4_jlj ^J_J_>. I iL.M rnTl <j-_ 4-jJ___t L-OjL__J i 4_J_T^_i_Jll 

-JLA __-_ 4___ <,S-r n (_£_-JI l—o : 4___J ______ t_-Jj <r> > __U j Jj____1j . *L______Jt 

L_L__ 1 o * g _ tiiJj _j <!»■>■ J---J * L^_l__ _j__>.j_a £_---- (_£l :__J JL____a SjL_*__-Vl 

^yilj . « ^LiST j_J_J I J_3e_-Vl JL_t-4 _,__ Sj^j-j C < t r n "K1 JJ-Vl 4jL^J (j-Sj iL^J__)ljJU 

(jo jLlJlJI oL_Lj-_>- 4__ulj j_j 4j^L__j 4j^L_oj £_o jlj L__ i3j, j ^Vl cjIj < < <J| 

i3_UjL-__ 4__5jj ^paj VI (_-__- j— -_^_J ^_2_->JI 4JL_1-l_> l__£. ____-__j i( Y 0 c _j__j__l1 

Cj L_- L_U J I __1_. J jU*> __jJ1 ( j,nrn y "Tl CjljjLL _jl 4--*-J_- __Jl i_ JU JL__» Sj1j_JUJ 

___J1 4_3jJL I^U^ (jl . sticky -_>jJ _-1j_o ^l__*l__L 1 3 « <i >1 _jl L$__Uj 4_JLc 

LjJ)) : jlj Jj-U . JjJ__L--_JL ^L_JL_)VI (jjO MjI__ IjJL- ' I -^" j jlj j_jI_5b_4 ____ ^OJJ 

Jo miI i«4JL_> t _v_4 4j>jJu 4__-j_%_4J 4i_4_4 Jl Lj ^j-cj (jA-J LuLsj ( J_k* ___-____J 

.( Y M3___>L_i cjI m tj ^-jLuJI -ujL_Lqj iCj|jL_JLI Jj-^jJI J__x___JI ____, J_>L__>Jl 

_.ljirni"ill J-a-JI <»lrl (j? ^__j _____ i__Uju (j^_3ijL-Jl j--*t jj- (jl (j^j^JJ 

jlj 4_jji___j ^jJI ii->j4jK ^ju ____. ^L jl_ ALH 84001 ___j^-JI j_*->JI ^-i-. 

/h1___L__J1 (j-4 (j^__)1 _yJJ 4-__l __-VL i___5___J1 IjU- _-_i « u Ml J*jJI L_i___iUI 

jjl_>j Chillier j_Ai_^j_^_-- Lu-j id1jj___T__JI jl*j Lo -JLoj _,!__ ( j^l<-oL>J1 

.Maechling 'rl^j^ 

C«-LQ.jK (jj_4U---U Lj-J-t-i— (J-uLojJ oL___l Ujl__ i ) ^^0 ^L-JI JjL-jj 

_■*<->■ L J_J (jL-> i»1 1^1 n 11 (jj niij->. j_£j— o CjLu_C (j^t 1 J_J_>_i 4_La Cj-aILj 
(J-3J -M jljj JjJ->U _>_3J-___-3_J 4_J_J_-JL1 (jjO j j 1 ^ jJl_3 J» <i!L jlj j__j_xJt-_o 

cjr^j jl j tll cjL_ljj__> (_-__, |C^l___jt JM— >. (j_o extraterrestrial (jhj (Xj1>UI 
< "'lo - > iunconscious bias ^--.Ijj-LJI j_j_^_J1 ^ JjJLst-JI Ijl^j jl*_JJj ._ 5 ___j__1I 


» 



CjI n ml fl iri <i U cJ^-^-i^ L>* L^-a^L-L--. 1 liLH^ Lr^ jJ^ CjL_j__J1 

ijr^ njtnijLA IjL-b» :jlj JjJ^ .( YY )<<_-__j_-.))j u(__ Li a»j u< (_-___L-t » »1 <i i nVl J-o->u 
t-^j-A ^yj jiie3 CjLj-c _£f) blanks ^Lii^J»- CjI m r 0 >n jtl UlUr ! ier ubUI 
4JLujJLl Cjll-jjJi (j£J .«L-jIjjlSJ 1jlj-_>. 1jL-_-_>.1 1 jla ^L-T .(^LcO-OLJ j m - 

j-_^-->J! £ya 1 * U*^ 1 4__L_y-_->J 1 i 1 ^jt j <\ y C_—jL_> »1 i^rt U j J < " *iJ-> ^__j-/5 ,j_4 

* ALH 84001 <^ju_JI 
4-jtl____J _-J_j}-_>JI <_.m _>j-_JI ^jiuj _t "J _-JLjJU (jLSLtl jj% jij j t "< br a <jL_> 
4jjjlr.ll c-L_L___J! cl±\£ .4JLl_J) C-u^Ju ^ ALH 84001 ^j-^-J! j-*->J1 

j-1-->* _-_-£ m^j U n 1 $ jlf CjLuuljjJI JUjJU ^lj-^V 3j-i%_-_-JI <j_«5 jJ-a__ £j-J 
.«^jitJjJll 3j-_*-__oJ1 ^j-« 3j j t i^itl -_l___iJI l_JJ_j __J1 4 j-< r>j 1 CjLuj-_v 4-.1 J*>l 

l^LI-^1 ____ J%jj jujL 4J j^SLj jJa cjMjI.^"JI (jji ^L. t 4JL_>J! -_li_ 

jj^-Laj t"irtji>vl JL__ L^jV (j£Jj i^jjJLl _^lr <r<K i"uT> Lgj_/ <j---J t4j_jJLo CjL__j--> 

f^-j lM- '.cAt^' J-^u^ j^ 6 *- ^b--* 4 j "'J ^Lla ^L^ .j.u^U J-vL lU^ll 

v j-P_>JI __JI J-uaj <j? Jjj3 3jJfcx__Jl _-JI C-iaO 4JLJ! oJLA _-__ O-J^JLU J\ 
J-d_i_Jj «4 M.tll £-vC j-___LJll _j_--ojLJ! J^I^jI J-> jlj j < n V A CjI j.) n J C t i '( y\ 
4jjIjj>. c J^-L CjI ntll jlj (Jjj^ £f*&3 i C^ J ^ A ir>*^L CjjJjJI j_L_> 

i^-jj--^-. JL*_>oj ^jl n h -V -i ^Ljjj-jJ ^jL-cl t (3-lL c, u.-v ivacuum chamber 

CjLjj-a-I- 4-_Jo->JLl ^1jjVi t n i^i^ 1 6 f< ^ CjIj CjMj ^j-a 4oL-C, JN S~ ' 
^j-C IjL-j-ju SjLLI 4->l t iii JjVI jj-_i_JI * itt.< C-___j . 4 m C JSL ^judj— « J_i 

i-i Uj J_vl j cjL_uj-->J1 j-a class L_-i-_o (j-jLiJI jj_JJ! ^Lt-ii- ^-Jl-ul Lo_Lu t4-l_uJ1 

(jyui Jaaj J_i JJLC uL> (j-o ^-j-vLJI ^j-^SJI JL>Jii ^j-Lo LsJLu <4jL_ <,<J1 

jL__J . 4jj_Aj ^LJ! j3-_i-ii! ^Lu-i ^Ll ^ jJI c__x_i-u_JI __JJli ^j^-J- oL-^jj-_>Ji j_4 
JjlsrTJl (j_o 4 /j.t 4 uJL^ LJsL- 1 j_Cj_« jlj j Ci a j_<j 4 jj,rt?JI _> jl-_ c J t >. 

^-Jl ^ jt i nj j-tit-c n _-JJ1 4-_ujJ_-JL) jlj 4__jj_L_ 4jjL_Lo 1 L(_C.<ug . ^L^aSJl 

3 j I j->J 1 jLu 4_j_>-jj ^jj-L <j-_, Jjwj « rtlntn i $'ta j-i___> ___Jl 3jLXi i—fll <*."^1 
^j-aj *>>-^l c-r^! ' " '^l (J- 4 L__iLjVl (j-a-t-J (Jj^-Lay ( rtUtt.1 ,j-4 3j j.t r__> 4jt-_j __JI 
jl jJj->Jl J-U * > U ri^ JL>lj ^jj J__jj_--. (SrtJ j-_u->JLl (UU-T-J i(___iLJVl J-A ^j-U 
J_U i(jrU-A ^j-ll UJJJ ^*- 3 " 1 J-* j- 4 L-_iLJVl jIjlc! --11 j JULJJ ♦__flijA_aJ| 

. J*_J-A L-£l j <^-iTi 



6jpu-dl <_i 6^9p3oJI «jAll 


___J1 4 fl]r\ <t,l jLj__-*_* j»$_>J,1 l__->u 4_ll-JI Jj-sjj O^-ulj flj^>H ^-L_ tjlj j _p i_va __£i 

4____ J£ c_jjl>Jj .infrared laser *1 j-4_>J1 031 2uuz}$\ jj_J ^Lt__- 1 gjlr jjji^u, 

CjJJ **<■>■ 1 (^-Sij-uJI J_a__>J! qjH 4____Jl4 Ji-I J Ij.Jt m Ijl JjJ^-JJI _yi £j-J! I Jl_> <j_3 

_uj—l~_-*j jl *y <*n*_1 1_L_> JL-*JJ , 1 >jj ***« jj ^tl L^jjL-*» djjj _---£■ 4 4jLjju 

JjljJ. 4 « M ,t (ji___) <jj_JJI [ja j->-T £ju _yi L-J * mi (JJj__-I1 (ji--l t( TT )3^ljj^Jw» 

4j-r ,.1 rtrill Jjji) 4juiVl Cj_.Ij 3UjA1 tl JjUI j_*_ * ultraviolet radiation ... 

4 jlo r ___*$ tJ^J__U jLljJI j_jlC SjUI oL__jj_>J! J_>»! (j_fl CjL»JjJjSUV! jJ^_>-1 __}} 

4 j «*• 111 nntl JSjJa 4 t m,_M jjsjj «.U, ,u« (jjjJo <j__j .ionization <jjL-J1 ^«__jL l__j_«j 

CjL_jj_>Jl (j^» jJL_fc_4 ( *ii i^ jLljJ-I 4_j}L<sjj jljJ (jSLo! *_-jL_J! jjuiJI t-Mil 
<_Usl£JI lflV j.^a.»j <______>u jl tCjLoj_>J1 (jjo _£ j->. _M l__L_l_>V| ^Ljj _)Jj t ^JJ L__j___ 

(j^j-aj _-jJlj i4__JL_JI 4___jJtl _-J1 jlj j i"i V a l5->-" J^" LajlIc . CjL_jj__CJ VI (jja 
.3j_w|jj *>Jl_-|j iCt hIj __~J! CjLjjj_>J! (jjo *>_j__ii! ^Jjj VI JLC L$-i_» 
Ji-lj Luj-4_T VL__4 jlj j j"i t_jo jjjJ- jjj t 4__JL_J1 d__vjll l__I Ju_! j_i__3__Jj 

4J_CJ t 4jj__JLI j_t£ cjLij mi,>JI ___i^jj_j (jl JL>JL1 Ijl^J ^y^j . "LuljiJl 3j_»_>J| 
2j_*_>JI j___ L^_I^Jl_jj .4i_bj_4 cjL_j__j __J1 4_ubJLl __Ljj_>J! accelerates 

L_j__jj_>J! C__uJl La (jl__j___ i4_oL_J! __£i J-j-a «t-La ^jjo l_jj-1_j CjLcj 1 >n 4_lj1j_>J 1 
jjjUl (jJJ 4_3L__VL tL^jj-u-J 4-Liiji Cj_-L! J_3j . 4_j L^LLaJjl J_tj_u L_Ju_ 4_ljI_I! 
^jjo 4____L>J,1 £j jj Vl _jrU (jjj___J! jlj j—i 'Va (Ji>--^ *^Ljj j <ill 4_L_j____Jt ^jLJLl 
(jja 1 1 m <i 1 4__L__J! 4_jl_)j __l__jj_>JI J£ __-__J . L^jjj (JjjL_u1 ____: __L_uj_>Jl 
Sjii (jj« ^j---I _Jj-*_jJ L__Jj_>JI 3j__* Jt -»rj jJI 4_lu-_J «-ij mllj ♦__Jj_$£J1 JL>J.I 

cjl__jj_>J! c_-j-_>u jl_L_ 4 4 111 energy input 4__L__J! Jj->.juo u nl"n __oJI ^jl_J! 
U_i)) : M_l__ _JJ_ __ic jlj (jLu .3j^>__>JI j_u_ j_o_^ 4_c j___j j ; ,^Vl 4l__JI cj!_ 

JJLC uLl_> ^jJjio _yCj . «_jL<; miII j|j 1 1 t j LojI. L__L__J_IL_ i&\ j -sll ___3 Cj J_5_J 
l_jL-u_>. (jjij jlj _^jj-_ (j__4J *5Lj__ 4_Lj1 i" a 4-LojI ___i i_jJL>u ___JI CjLq! jJ__-_-?l 

jj_>JL1 species ^jUI _>c Lajjju 4___JI c__-___j .S_jLrt_4 4_j_C JSJ oLLjj_>J1 jjlc 

. CjL_3_>J Jjii ,nii?jH (Jj5 4jui _*! jj_J L^jj? __jJ! CjLjjj_>Jl ' ^ : ' ^ Ji-1 J 
i^j-sj-*! (jj« _j_3_-l_> (_-__. c-Jjl y **JI (jja ^J-JI 1jU_ <:!j_>-Lj cLoJjJI ^j_oj Lo Jl_C 
(jjo I Jljw Ij-lj-' l-JLJj. j V 4__>L___u t^_%j_u j j mi (i** ___ 4uj_jl___J1 _^__aj ^^_>-ljJ 
(j-« (j-__-*J1 __icj . 4-a__bjV! JJ V mll l_J__I (jj« 5j.jt <s> 4_____ ___! ___-- CjLljj_>J! 


<*i jaII SU> icull 


jLljX.iAJ ^yaSo 4jwjJU ^UmJI jX- JUuj ^jJI i4uJ*jjJtl Sjitj^JI *ljj>J <jU tOJUji 
^l 1 <j tja > ^y-o-uj tCjLlj->JI j-a jjf *Lujl Lfcjjj_uJ tCjjIJI /yj L^jb 
BjuJLC (^jjJojlII) «LuLcjjSM J-jLjjjiijjJu^JI t^^A CjLujjsJI aJUtj . 4 i nn i (JuJuaJI 
Cjujjj-£jj,1 j 4 H jU *£>Ja>jJ U-4-^l clJJ j i m.J U-Sj-PAHs ( T1 )cj1 nU.tl 
<jjjjJ$Jlj j*^jj i ^ gtl CjIjj j-o Lujl/L-ujI CjLJiLJI 2juJL-£. 4_jjLajjjV| 

4-uluI JLuJI 3»jjl.'fr *UI ^jJLJI j-4 jf L*^ lt^ f> " (j^l (°LjjjJ*jjJl_u*) 

^ju/I ^j^Lj-a-jSJI 1 3 ^ (jUaj (^UIj <(cj! rtl-s.ll djujLc) hexagonal ^>LuoVl 

4j*j1j ^JaJ ^rty «ji <j£^} L«Ji ((4jjJojJI>) jI t<(4-uLajjVl») j^j-LJi JjLJlL- 

.(L^btuo j-A J } ; rtVn jt ^J>lJI 

Lsl t sLu>JI ^ Lcjj mi 4jj j (,j 11 j-uoLuJI jJ&l jrLj j-« jjjJJI cjLdJL^ juuj 

■L »1 Jl^JJS tji -t 1 1 m>U 4_iLliiTl JljJU-jJ 4J jjJ V JjLuj jjbj t 4_A-iuaj jjjJJI 
jjjjSJI CjIjj jjo Cjj-u ^yic jjjjjl Cjlujjj»* Cy* J-* L^jl^i -^JjlJI oLuSjJj 

. C5H5 ^jjLo^II l^"t.j^ jLs ^jJLJLj tj^jjju^JI cjljj j~a Cjj^j 


H 


H 

I 


c 

I 

H 


.H 


c t 

H H 




jjjJj J j «^ H 


j^a Uljj U4-*j £-» tAi "fi 1>> 4-Ju (jji i ^ ' ^* o 4 V-> i l j»» * jjJj--M jw» UljJ LLoj j^jJJ-Ji tSj^*- J 0 '^"j 

JjL-Jj>JI Sjujl-i 4ujL*jl>VI UujjjJSjj, v j ^TI UL-jL> Jj» JjS uJJLUjj .4-_Jj>Jt jrjU> j^jjj-u$II 
£jL> J^jJiJlj j^jjJLj-^JI Jj» 4j m.iSj Jjljj 5jLc t j»jjJLJt JjULL> j_4 jjLSl jl Jj^JJjI PAHs 
j^LuiJJI jAj ^OUILkII Slujlc <uJL«jjVI OujjjJ^jjJu-^II >V>m jLfl ; JLUI Jjj-w ^r^J • JjLoL>JI 
.4j-wIjluJI ^iLbi jl>1 ^Ja jl£jJJJ J>jjJj ^JJ-b- j-4 jjSJJ <naphthalene 



SjiuaJI _-_ 6^9f>9iJI*6J^lll 


cjljj j — >.jj iring 4 — _J___ _HJ- ; Jl c____J1 ji^j^JI cjljj <jj 

£-1 j-* Jjl _)___ .3_L__.1j (j_HL>-- 3jJu L4L0 J£ ---JJjJJ <l_-£_wjL- (j_^jjjL_j_$J| 

<_u__JI JlU ^jJI t( ^UVl ^Lw^SJI j* cA^l ^pil ^ ()1 j^c) 
^ljJI j j<; "tl <> j , Ktl jul^ ^ 0 )^^^ liLj^^ tJ _-£___, ju^UUI 

jjl_L__J ^jLaj 4____ 4_t_S LoJL>- j-Utl ___l (j-lj^ ij>jj-ijLJI <_ - < j< jJ (j__j i^^j 

< r 1 rt j mi _--JI 3,,U %.i » Jl ^LV| _■____ (___3j .4__jL__ Jj_t ^-^s J-» ^ g "i 1 j i4__l>. 

j < vtu ^Jjj JL_- (jtsLJI 4t3 r fj\ jj-otl ^-ic (__J j_L£ j_a__c I i( T ^)_Ljjj__i JJ-_-^ 

(jl ^j jljlrtt l VI ^J-jJI f-J-U -*J t4jj-4-uj t-< mi"<1 LlA J-4J '.(jJJ-C JJ-C (_-_ ! J <IJ< 

Jjj3 4 < m as jj_i___J| 4jjJ <jL_> CoOpCr jJJ-> , ^yj . I 4 r> mi! L,„\ih< <nl Lul j oj< 

jl r Lj . L___jjJ_ ___i 4__jLt_a JM-»- {jr* ^j-"" j_-G 4J£J < JjJ- c__jj _dJj 
CjLJj_>.) Annalen der Chemie 4_jJUVl 4__>JLl jj>->-j o-^A) 0--* ltJ^--" l^ 

. 4 j n 1 1 1 _Jl_s JjJa 4^>.|jj ^oid t(*L_u£J1 

L_aj_»jJI uJj-^ ___JI l_jL__L>JI Sjljjlc 4_jj Loj j _* I oLjjjj-jj. \ j ^tl (j£j__>u 
oL__-L j-jj! jl __»>__ ^ ALH 84001 ^j^-JI j^*-->J1 J-U j 1 . Mf 

(j*-_w jj \ j _ tlj (jjJj-_JI CjIjJ jj_~ JjJ-_ JJ — C (__JJ 4____l L i^j-jjJuJl 

____; jjJl*JI (J^Loj i_>_ajVl _-ic 3_j_>. j_a 3L__-JI c__l_£> LalSj . 4 j '^L <>>y 1 

3jJ->- j_~ j j f. _--Aj t PAHs oL__l>JI 3ju, V r 4_uLajjVl l-jLjjj-^Jj-Lj-^JI 
J__, t | 6 1W>(>^ ? rnn I d Kt t | <} ,,. n'> 4 j ^tl Olj-LSJI (> I 
^L-wjJl (^uj ^*j--j L jir » : jlj Jj-_j . JjjJj_Jl (___> 3jj_wjil Cj L jjj^jj Jlj-^J I 
LJ 4_^jL>JI 4_2u__JI __J__ j^J_-j ^-IJI *Lj-_uJ1 3jUI dJlA ^jL-l i^-t-oJI 
SjbJL-C 4__jjLajjVl l_jLj_>j--JjjJl_j_^JLj 4 « i hi a ^jjSu t 4Jujjo 3 jJ, 4_jj_^J_> 
l-jLjjj^^jJlj-^JI L_al iVf<l (jL£J t __Uj ____; tjj <^nc j-<aVl jJj . « Cu L_i_>J I 

jl___j j_a__i ALH 8^01 e^>-uJI j«Ji Ji-b oLSJ_>JI Sjujlc 4_uLojjVl 
i^jSJj . I $\\ cjI ii !■> q Lb^ljj c-_ijj _-4_i j t^jjJLl _t--- 3L-_- jj--wj 4jIj 

jj-_xj JUlj (jl JL_wV (j-Uj ^L-i :l_JJjl--' (J-ojJ j— aVl (jl LaLoJ -V--jJLl ' ft 
iSL__>JI Jj_>.j __Lc >LJj __jL-__>JI SjuJL-c 4_jjLojjV| Cj L jj j_£j j JI-J-4J I 
t n^i tj ^j-^Lol L__j1 j-4___3 CjL__L>JI 3 juJuc 5L_uLjj-/I l_jLjjj_Sjjjl^I__ 
jLb_>.V|j iinterstellar space ^-j_*_JI jru »1 <>>Atl J_-a t 3L_>JI ji_t_ U_? 

._-j£»j£CJI (jAj jLJJI cjIjjj i2LxujL_JI 4_i_^jj i!l 


■ 


£j jaJI 5L_> <__v_uJ| 

^ Ca mm$ 1 ^^oJ! oLaLJl SjuJLc ^Ljjj-M oLjjj_£jj, 1 j ^11 4_>.j| (j-o (j_<j 

ol jUll^VI Ji^ _ ^ U^Ml *jL_l U jJ-__l op* iALH 84001 ^j-uJI j^Ji 

^yicl oL_i>Ji SJuJlC 4o_>Ljj_/1 oU^jj-Sj^.U^IU . L$Jt3j_* ^ ^j^5vj _ 4-jjLo_vJ| 

jh^Ioj .oLj__JI Jiwl j ^j t L^jUw (___. L^ic oLjjj__J1 oLj_b J>-L jjTnj ij-j£j__ 
. oLj£xJJ ^ _-____j_JIj f Lj_-_Ji -__■! j_>Ji (j^-cb ^j_3j^___>Ji 4_>.j __lc 4 (i>-i^ 0L4I1 
oLjjj£Tjjjl_^JI ^jru spatial correlation _£j-o>J1 _UL_jVi culj Laj-ic» :j1j JjJb 
U U r I _jt y_. : Jj_J_l __U j Cr _Jb___w .oLjjj-SCJlj oUi-LJl 3jL)JL_c 4__-uL--jjVt 
idilj OJL>. LoJUCj .<Lx-_lj trtU ^j-aju ^jcjjJJ (__]__ ^«U-Lfl 3L»>. -*J->J J_____s-iJ 

C-J_-> J_> ^C_C.J (_.lt 4 .C-tCjJI (j__- JjJ__ J J___ J_4 t<JjVt LAjL. «LLJ Ch <^> 

. <( J_i_*JJ Ij-lLo _jj_Ljl_i ^Jjl_5 jJJ !____ _j| jej__>ljJl _>>»J - _»JL-UU-_ SLt-w ^jiucl 
jJl_u " o"i m .V1 J*L _)-__" jl3 U' (^J ur-^ '<jAi> ^Lh-M t>*3 

:4Jj-J_j __JJj jlj j-Jb j__u^ .<,*■..■-_, Jl j nin _-"<, >■ anonymity 4 j\ <i ttl __. i-< <J 

JlSJ . _)j___-u_>. C-Jj-ajjj _£_-L_ J> jtijJ _ L j_j_j_> _ (j_*L»jJ __3L5T __J1 C_j Jl_>0)) 

tjl <j_, jl>V _jL__j t _^L_Jlj __j^,"<iyi juj_JL ______ Ijj JM_>. _UL___U Lu__i_i 

uj < *i j_>- j\__j__a ^-J- ^LaJjlJI _jL_» * ) W*\ ^-Lc J-iji .«Ljj_-i___« _^__£L_J1 tjj_L 

_-J1 4_JLL* 1 j-ojJ_j tj miiU _>_..t tTi < n a Ojj-_LL_u__j Ja_ae5>Lo (_■"■* flL>»j .£__-_______! 

^-J rt"uni _____ f cJ-dj t Jjj-jI j^ m> _-___ jj_>JLL t"(li_^"il)) : jlj Jj-_jj .«^jjLlu» 4JLc_>o 

Jl3j . L_blj____>JL _-jj < u") _j|jj i4___oL>- 4_j__>-Ij_~j __JI ^__L>o ^ ^ ^ a 4_L> jUtt 

<____ _tL"o -_JLL__ ^uuJ , JjLJI (^JJ-Ji J-Lsju^t 4j___j_i_____3 jtj£j JujJ V 4j1 ^j-j-iwl 

_« j-t-Jl ^-Jc Oj^***^' Ja_3_>_ JLaJ .4j__v1jii 4-tLc ^ Jji-.jJL j//<ll 1 n Lo! 
Juc 4__L_- 4__v^a l_1_j C-J__T _5 JJo ^i L___w ^ jLM (j- ^Tr m i (j^ j-__^i _)l ^cj __i__ 
. ^LsJI ua-u-oj j-uj J5-->- ^J^Uj j_a (j-oj^t ^jLs- SLpJl 4_-___LLc 

jij-dJj ^_jl_u.^LuV1 C-_jj_j__j ._j »U i a r 1 j-^_-_j JuJL-5__JLj t_iU_. Juuj 
4 j ) U jJ 1 4_^_4Jj-ibVl (j__i_*J, |j-<uj_>- j____a->.? C_-__t)> :_)___' , 1 ^ _£? Jjlj _)j-i (j--> 

((j-J____-_c5 _y» ^j__>_L>J1) (j_J___/i <_1 i .l <- ____ j .j___,j__jLL_ 4jVjj ( YV )^ji_tU 

____ -LiuL^Jt cjU-S-Ii (jJc jjJl jl_^>_ (jj_> Cit^jiuij i-jjj__j_l__- (__J1 IjuLc cjjJo 

JjL_ujJI OjUJJ .((3Jl_>J1 dJbljJUi 4jj,j"l. a.J^H oUtiCJLi (j-A 4 I r «.1 Mt __Jj ^ - pC-a 
^-JLaJi ^-j-jJt q WhW j ^.Jl jlj j j U j j-Bj-UI ^jja 4j1 ^jLLo _>-jitJ _-g->-jl 

(j_-_ 4 1 miI i <> '"^J *#;L*jjVi ^ JJ -> J — -L.-T. Jj nll (____i_--______-Ji J_4->j-ll JJ l>> >J 


<j£. QjL\j U Juul 4^ * jJLl ^ jj| cJajjM ^ ^l jJj fjjl\ <jt J-d-^ J^LcLa 

J .*. : ." lJ jJbj t j.j T l^ ■) JjJJt < I "l f.n JUU ^j U (Mltj ^-Jl jtj J-UOJ t L^-jJt 4->-L>JI 

♦ 4.^1 «,^11 JL>.j ^-lc 4jLejl JjIIj ^j-s j-c ^jju-sj U"t « g.l 4j| <L>.jjJ tjljjJL 
4-^j-jjJI jUt-^Vl j*jJaj j\ JLklsJ ^Jt SjLi^l JluuS (dUj ij-a ^i-jJI (ji^-J 

^ L$i->Lu ^js^ J-qj>JI jJ^! jlj ^jl3 ij^T ^JI <^j£ a-« ^pl >>J^ J^> 

*«^jtJjJH lu»> - Lu-J LuL Jj-aJI j-J^-Jj-uj <j-a» : J*L-uJ-S i t ^La=j_-JI j-^jJJLI 

. SlJLJI J j tsin)\ ^£ 4jjl Tt\ t <t ^jjuojji ^Jbj 
3Ljv jjj>.jj) Ljl rtl r I ^jl SdLjL>-j L jjj < 11 Ai t rtj^ t(jVtj)> *.jlj Jp L-uj 
juJ-xJt £Ji J^st jjj jJbj . JjkJoa 4-il ^iij ^lr tVjrtt d jJLu (jtJjJLI ^yL- 4i . <Cufc.a 
jj^J j| ^cJL-. J£ ^JjC <-uJ*J .^rj, >: ,«^> 4j1 ^ -<tj V udJj (j£J tCji jUt.U jja 
7t'x±j Jot <r< >>VI Jjlj t^j-uiuJI ^Jjii* jA ^Jjr-lt 4jtr (jg j U n jja >j£l- : LilSL^ 
LaJUJtfl . 3juJu>. CjI jU* « jl 3 JLjJL>. CjIj j i ii<*m jj ^U *jju3 (jr^lj j-uju ^-3 
- jj ciJj <."u.« 4jjj>o (j^&J . jjLj (^tj jj£ Cl.-*j| LLS t^-o ^^y/Ht-i <, t mjU ^j-l^j 
(jj\~ mimS? 4_^aL>JI 4 j j nutt 4jjJcu 4_-t-u3 L^JtuLu t^cJJ eAtlj) ^^^J^ 
*« Laj^i.\ rnj jl ^j-uLilJ jySL<u jl Jail ^LAjj ^l 4jvL*j CJjIS 

^^j-UJI jjsc_>JI 5l ^"1 m II 4.lAalt ^Llilt 4J-Ajj j\ ^jlc *LqJL*JI ^3 ^ J 
J^L L^ I jl 4_Jii Jju^Jt ^JI ^hu^u <jt L» lU.^tL ^ ALH 84001 

/J/LO-LJI <3jj3 ^lr jyujuLM . 4J J^l dJLA (j-a 4aL1j3 CjL.!^ u t „\ ^l Jj^ajjJI 

1 1 (j m^juj tL^LJjj 4 LbjLui t juju>u IjJjLwj (JjLjj^SJI jjL jj^ Ij t-s ^jj jJl 

(jrt£jjua i4-4jLaJt 4JLiaJI CjIj '< mtl JM^ <<UfcJj-^>» I j-oc 1 1 r\) j\ t Ljjjjo jujIjjj 
4w2jjjs 3L>> Jjl cjsLuuJ^I jjSL jl ^jSLcJ La _ ^yJJ jl _ oLuV 4-judj_4 (C_£JjJ j! 

, ljw<v**( i .1 ^ i>JJL>-j La Jjj** Jj->JI JUj i ii iljLA ^lor ^Luij .(jlaj^t ^*jL>- 
Lwj 4jl ^-Jt j j miJ ^LJj ^j^UcujJ f-\ <i\c 4jMj Jl>.j i S W\ ju-oJSjj j^jin ^-S 

« j-uij jj>e_>.)) jAj tEETA 79001 * j->-l ^^itjj^ ^j^j-j jjbjw ^Js Sl,j>. uJLla cull^ 

,SNC 4^j_tlll jU->.!>U c^i^t Jj^Vl 4j,o^ Ja_-iJI Jj-iJt 4J ^Lb ^JJI 

EETA ^j-juJ\ >j>->JI j. ■«■«> *ALH 84001 ^>uJJt >«JI u-SLc. 
SLLu, L-Jt 1- jjtj <>>4 4j i L#a-i t J_uafl 4JL_u oj>^L ^ * 4 1 ' j-jjL-o 79001 
J^ ^ ^lc i rt,y,<| tt^p. iL p>jVt ^JI Jj-aj jl Jjja ^LbJJt ^ .Un4 

. 4_jjjJj>JI 4jjUrttt ^jujJI jL*j>-Vt (j?JuL-3 



j r 'jW 02-1^ *ALH 84001 c^Jne-JI >«^' jLi^u Ijilr ^5 _uoj 
tjj — jdJa ^c-_>j iGardy ^pjl — ^ — «j <Wright l__j!j (jLlj tPillinger 

t rt~ fc. " _. fl j j_u-* Uj" a <_r~ ^^ J " 4jl_4__>JI ^ tiJjLuJL ^jjj.i^I (^i 1 -*-lj 
j_*_*J|j (^j^uJI j_*->JI I Jla CjLllc (j_^___j S_L_.L i(j_-J ^tj lUtl j-JjLlll 

j~7-~>JI ^ o_jjjj-UI ^Lj-S* J~- 1 - ^J iEETA 79001 ^j-^-JI 

j__j t methane ^jHj-II _yi c__ij_o L$j! jjuj __»L£^a __J__ ALH 84001 ^j-dll 
Zr&\ j__ j__H JajJLIj .(j^jVl __1_. ^jj^JLI *Ll>-VI 4j*-I_j L- l^ji-a jLc. 
_yi uj£jj EETA 79001 ^j-J-JI >=?->»- 1 6-« <_^! b--* 

-r .<i ■■ <n _? Lbj t f)\ __jJI _jL_l___j_I jLk} idJJ j) ^_<_j 0 lf j . 4jj »>> r JjIj-a 
CjLjjj-^jj, V jt $ II Jj-4 t4jj \>\ tll 3jUI S_,JL_-JLl CjLj-UI (_-__. l_3j t "<IL 

___ jlj j-jjA a (JjjJs I w _lr <__& j-ju (^l PAHs __jlJ_L>JI Sjujl-c --uL-jjVl 
ULljil lj n 5 ^ o^LLajj^JI *UL_JI(j£J,ALH 84001 <^j_^1 j-^_>Jl 

^ V _ (jjjjSLJI (_-j*j *ujjj-JI jjU_u CjI j q£ - , ...\ i,".M K JlJ___ : ^Jwl 1 a 

^jJ Sjj^jJLI l_U_ 4 , ,V» EETA 79001 ^j-LJI j-*->JI ^ T - oj^lj 
5„< uii II __l_> Ljjj3 IjU . _>bj _M _,_£. 3-_j_».jJLl I fl*^jj ^ ^j 4_i_>JI (__L_ijJ_>JI 

J_ujJ ^yjJl Ll»UjjjVI (jl S_L_j_>JI _JJ>-J (_-_£. 4-xjM_ju ujjjSJI jjLtaj _lj». c _* 

> T _ uj-i>--!1 olj- l_L1_ju (jl I ^'<^t 4. l->JI Lj!>L_iJL Oi^j-^' olj- bind 
oLjISJI ^j-o cdJjJ 4-^tpjj , >T . (j^j^SLU L^j4JLal _^ >LJ_5 j.onl 3jj <^>; 
Jj__ jjlju jujj >T _ (jjj^SJI _-JI ^ T „. (jjpjiJJ l ,, , „* t dlLUj (jl _-JJ 4_x_>JI 
EETA ^JhJJI j^?->JI (>j .4_x_>JI j^ jIjJLI ^ 4 ,.,,wtl ojl_> (>_i 4_UI ^ 
2L..M..I» 4jjL__^ <\ T . (jj^^ 1 cr^! ^ r - uj^-- 4 ,m,;II cJtS .79001 

0_jjj->JI Lj>->- Ui>^_ (J»- 3 -!^ UJh?j>-^-l o-^- t Lq j ^ r. j_jjJLl __j__*-jJL1 

(^j-Aj i4j_>j_a_L- 3jj___j *L_J_L5e-c 4 t im\ < ^lll^j (^j-tlll j_?e_>JI I Ju_ ___) 4jjju_jJI 
. jJjjjJI J_>L__JI (j__ cLa^Lc (jjj_u_JI Lajjjju 4 t i . n y 
oj[ i~tC.\ (jSL4J *_* 4ajjjj__JI jjLI__JI c-ucoj 4^Jl_j _£ jJl J-JjJI (jf ^-Cj ^---.J 

Jj t jcjjJLI (j-a j_>.I ^j-u jj*_>. (___ j-^Jo jl_ JjJjJI I ju_ (j! 4_Lt_l__J3 l L_L_i_e 

Jujj <)_j^.j-a (j_o ^J _4Jj JtJjJLl (__!__ SL__JI (jf (__![ j _ mi j i lj-u»___ Oj_<_C j u t j j 
i4jjJl_w 4-^jJj_x>- <___j L_L_>_ I _____ __j^«_L__| Luj L^_l Jj iL-____*_- (ji ' 1 <i II (jrU^Lj 

Juu 4-_^LI_o_>-jJt ^LjjJL jlj jjLJ-Jbj ^__- LoJlJlC . __JL>JI j t II __!_-- J Jj 



ALH 84001 ^j-uJl >^JL) ^koll ^L_LJI U-}L>. jjG Sjujlc 

j- V <n JLaJ» : J j i^LujV! j-C 3 j-flj 4J_c CjJU icJu^Laj Jj-L-uu ^j^j <i"iT 

t£j-j_>Jl l*J-gj] I J J !*1 ^ L-x3*jJ Lul 4_>-J jJ j p\ °'^J " Lg-J -f Ij I *>J t j-<3 j J "l^C 1 1 

<_-J"1 J-*-JL j-ui3 4jjV (j^ojl^JI^ U^JL>*^ ^J^W ^L^P^ l_.1 . 

LoLcj IjuJu* ^jjjus ^ i «j ^cJjLdJI juj-U SLpJI 4__u1jLi Jl_£___l jjjvj ( 

. «} Ljl>j LL_J j-*-t- *L_a_»j-4 ^-Lc jlj_^-»jvU 
(jJU-j jnV„ii ; (^S/ L^Lcj Jj U ^j-o Jju>o ^Jjtil j_aJL>JLI oLjJU-c jl 

CjLl_>1j_u-V1 (j-c 4_>- j_>3 Jj3jlb jf t jjwl c- -ij-* ^ylc 3l_p- J>^-J Lr^l JJ hiJ JjJj) 
^ys 1 < >\ t j *jlj Lbjio ^yjJI «4jj_ar m.TI» 4 l__-__jj t 1_$j jA_aj jl 4_}Ldj jrj-» 

£-Jj JjjI ^-Lc Jj-l-_s-1Jj , jc-jjJLL 4rtU"<U jLp->U L^Lww j_£Vl J-*_J1 jjjj 

ij\ ijX,jJJ SjLI LAjJl^I Luoj j i Cj L>- 1 " u i <i^?l g^j <i>- jjj-C c-_*J >cl ol«JI jru 
L7~* (j.i- 4 -*-'' jjJ_^LJ! Lfcj-uj (jylll 3jl <M,1 -j_*_>J1 ^J <a>» ^___ l-Jjl_jj *<>.1jj 
j j i^ jjlc jJli-oI i j-Lc cJijjJwj ( rrj i(-> j->*1j1 J^-^J * 4 < n a i JLpJU 

^j^l-JI j_3t_->JI ^yS 3jj_>.jil 4jjVl j j <Vj J-lLt.-TJ 3jL_L lj^LojO cLglt-TI 

jl j-aj L-U ^h„,l 4l-bS <___> Lu cjL-oI j-_-V1 ojla j-c 4jL>.yi (jj , ALH 84001 
.« -j^ <mTI L-ij-a-" i nj ^LajJI)) ^-_ul 4-JLc (jlUi i » iL^j (j-oL>. J 



) 


4^\^<>___^\_^\ 


1 


(3^ — J-— -J J — Q— J — f i <* l 1j 1 <j--j " <7 i I 

^ L_$jljL__! j__a_> L»1jJl£ (j^-i-UJl JjLstJJ L_^ jj>xu 
---j5e__>J! ^_oJ 31 J>_> 4_fl, 1 Vi m .-L_»£L>JLl 4_cL__ 

SLp- jj-skj JL*CL>.V 2l_t__jL*JLl £j*_j>J1j 3juJI! 

Jj-S— J I m ^ <yj t 4 j <>> jill dJUb (j^J • jjjJLI (j-i-C 
Jj_->-j 4_rr 1 < ^ l jJsIjJjj jJI 1«^» L _ rJ al___>JL ! ^jl 
^JL_3 i(j£L*S^o J___- ^ i^t «l! ^JI j-JjJLI ^j-J-C 31 
. 4J__V1 u__i_j (3-iL_*-uJl J____JI 4-__A-_3 l_JLo 

— Sj 4^L_3JlJI 3_jj__b jj i^Vt <j! 1. j <^ -u 

4 — *— -lj — « J — *j j____>j « t» ^jl j al -kJLI 

jl-jJLojj 0 ^ L&> , y < cross-examination 
^UUI ^ju^I 3 ^jjl j^L__l!1 J. 

I_JI I j — _ L-_jL-^-_-t_t-uj . L-^-JL_L_it 4j! «_j-o)> 
_u — ______ I _;! <j! jl $\n\ (j-JI rebuttal 

^ ^C^TI <-__ — -ae_J £c___jjJJ (j-l-C 4_<4J JL_9 SLjjs- Jj_>-jj 
,JL_>JI 4_jl_} ilajj . 4__jljV (3_-jL-_i 4_j Lj 4__uJ___ 

4__j_j1 <___ji cjHj >»yi j» ^tj _)i j_ >.t _)_x__ 

J-— - (jl O- 3 ! I ' J l r <(J--jL_JI c 4 n*Mj *Lq 


Ji — i _j 


1 e- 


J o *i,^. q t. h in \ J-j-C I _—b _;!» 
«Cj _— > J-C t__vt^JI (j_« (jjLSi 

.( T )_^__J ^oJI j._ll^_-l 


JL_i__U_} 4__J^_jj tC^^^n itl 4_j_>.jJ J*C j i »i __J_ jm4>L« j__>j .« 1» (___4__>JLl I Jl_i_j____ 

<_-__ jlj-I _-JLc (_____i*j V (___JI <_-____ L_^j>L-v-jj jlj jj l "'~j jj (^l-Co 

Luj .j_a_-__JI c-^j 4-Vj . ALH 84001 _-i*jjJLl j^kJI 
1jj_$1_>!j ^j-jjJI j-_t_>Jl ___Lc Ijjiic ^jjjJI _d_Jji _-JLc u \ \\ I 4j_jLxj<. jc L__oi 

4_c j__clj>JLI j*. t>> \ $ Ac j-j-C. 4__t_t__j__* Sj-V irt ^Jl__Lj Ljjjjj i_-__*jjJLt 4___ol 

___-> 4 j ^>jJ jj-JI j_i-_ __jLiLj__Ji j! _-!__ ^LajJI j____j tJL>- _-J_c.j . 4 j , ,i o m.H 
4_! ^Lc-^t ^jj ^jJI JjJjJI giu <jV 2L_i_-Ji L__i_i_l__JI <>• j_j__L, VU___J J£\ 

* jjjJLl __.tr. 4.<ujjj 3 I_l_-. jj->.j <r< m 

IjlA jJj-CJ ___J1 4_j__u_UjJ1 4 in^yll _^J-l_JI _-_S ^Lc__V! 4_*__w jJbj_>. (j^u 

:^J^t^J1 

2Uljj! Uj-^ j-Lj ^Kjj IjJ^ ALH 84001 (^-itJjJLl ol P) 

jjj ^j_4 (__J-JjJLl I _l i^>! C__u1 (^--Jlj <(j_-i--J1 _>* (jj jl Jl c______jj jA_>Mo 

Jj_--JLI ,M,Mt JL^. 

Ct,K m"i i 4_oL__- i?L_>3 Jj_>-J _-j_ LU<i'i ! uin ___Jl . Cj L jj j__J I L_jLj__i jl (Y) 
djufc (_-__ 3jj>. jII _5J____-J1 Ji-.l J (4__jJ1 4_d_j ______ JJL_*_a j_tC l___-J _---) 

. CjLj_vJI _> ju3b (j--wu JK mi I (_ys -r i L*_i .3jj%____J1 

__j->.j 4_J jjJ-SJ^ I j_aL>JL1 j_^J__j i LoL-u cjL jjj£JI cjLj_( l_bIj_>. j_1c (V) 

L_jL_U_A___J1 (j! ^O-C-J _-JL__ i4u___3jVl 4jj (j^*U L_jLj____>JI 4_i____J L_J__i_____U 
.(j_3jVl (_-JL__ L____-___(_>t 4_)j___>- (^j JJU-O I 

l_j I JU-__1__u j Jl_l_-_L_>! __-4>j ;4 j mi jU l it a (jjL-ua __JLc. l_jLj_CJI _£j_j_>o (1) 
Ijj _ "X .tl (j_aJ-J l_J__9____-4 L-^JI ^ ndj \ $ i J ^ljJ 4 ji miI _--Jlj t JUJl_>J 1 

.(j_3jVl _-JL__ Sjj3-jI1 

SjUJLC 4_jjL-JjV| l-jLjjj-Sjji \j ^TL e\ o < nU 4jj_u___-JI L_jL_jj_>Jl j ^hl (0) 
^--Aj ICjLjjjj-CJI L_jLjj__i J_>.1 J 4 jL i^t rtl Sjj mi (PAHs) l_jL__s_L>J1 
*(j_ojVl _-JL__ 4_t_-Jl l_jL_jL__!1 JL>u (jc 4_>uL_J1 Liil_j 4^_u__L 
LuJLc * J-t_______JL JjJuJl dJ-A (j_jj JL. (jt Jj-3 Lul ^LdjJI L -_4__-__« _>u-Uj Jj_-J 

(jSu *dJLJ_U ^>-iJlj #:L___iV1 (j! jJl-u L*_? t t_iL_- : Ljj-Ajo- V1j---l ^j-t-J (j^ 
3L-x->. J j_>- J ^J r ^iii a JjJ JU 4o1 j j__>- ___S Ljjjjj 4 im o ^t t Jji-jJI £>lxJb (_ys 


^9£JUxJI »11 JZl9_JI 

^ a ^o -t» 3 u <.4 > - ^-ic. j>L*Jt ^j-^ 4_l ^jJI LoJa i^-j^l ^-JLc ^jjla 
(J__jlj ^l i 6 »>>ti «cjVU_^VI>> JajSALH 84001 .-itJjJtt J-^l 

^4_JL-La (___3 C--J-J ^jl tLc jVI Jjl_>- 1 -i^ i« jc_>.j--A)> j-*f 4jL^J(JI ^-J. 4_Lc jJUj 
£)_£> Lojj jL_u-Jt <jl J >ij (jf 4J-O j-t_n L>^ ^«(J-"-^Lla<)) 4-j*-d Sjj nLrll 

tjjj (jL£ I jLia S<GLxjI ^jSLoj V t j-A <jiJ cdctcndant 4-_<-Lc ^jl-oJJ L-£jU* 

j*j n i ^ ^--3 djj !ju>d (jLfl i<L$jj-_*J! l_-_\jj_jJ C-iljJl <jja j^i »" a 4 jlr ^--a jJtt 

^jJt! j>^j c-jJu C 1 ) (DNA) LjJI __Jtl JJjJI c\£ IjIj t2uj^>JI 

JUu 4-ai-. ^jJU dljL» qL£ Ijjj iciJLLb JjJjJI £jj LojjJs tjS>ll cj^ 
^jlrj-ilij <j-C L>jLj I JlA (jj^ JL_-_- t4j3j "1 4l (^jJI ^J^I J-* LSj3I>La 4-4Jjj>JI 
^jL-S *4jjJLo ^ JJjJI ^La-^L V>«. j- a 4 jlr ^-cjJt! <jL£ I jjj i<__-_-JL>. ^-J-ic 
-L->.1 j JjJj uJLlA ^j^J fJ 1 jL-9 i4 ♦ <<? o 3jj lLU j C-u-JJ <j! 4-J-V-oj V I JL_>.1 
(j-J 4Jj n » o 3jj <^-n ^j— >Ji (jl I 'J^-4j < ^j^4 iOL_uV! tL_-C 4jL_J_> LJrU J*_j*j 

SjJJj ^ ^i-jJI <_-lc u-aj-gJI I j-A (Jibej 4Jj-M -dJj £>ta-4 

t(j^L_>J! (j*___->Jt! Jj-«J . Ji j < .iH Ij-A u \c 4\$ 1 11 4_jLvI <jJLuJ> Chu-J 

Jjljkj oVl i"i ^Vl (jx JujJLI 4_aLuo! c-j_£> <j! Lo jj-Hj (jl LLc J_C ^^-lc c_otj 

<j1 ^-ic j-a-u (jl L < jt_ C ,.4. j *JL->. iS ' (jr^-J . JL^-1jv! Jj_j*_js ^j-o jJl^l 4_ jp a^uI I 
jg« J^lS Jj----« J-Jj J£ ^-ic LUSL > . 4 j jj-Cj 1 rtl»*a ^j-A>>Jl JIJ-uJI 

4jj^fl ^-Jjc 3jJ--j jJL L>cj *.« I» ^-joL^Jll Jj o j ii< iijJJ jJj *(j^><; j-« 1 g 

* 4jlI_U ja__ L^jI (__JgC (jn**n u> L-T (jl La ^jJiJ t4 j < "J^jJI 4-__uo_>JI 

Litjjjl (j-lll (j m <i ^ll JoLojJI (jA 4 n V * (j^l <i" Tl iJjLtwCJ « l» (^L>J! |j m <o 
^-itjjil j-*->J! jj.ma ^j? ^jjc j^^j-*-»J! (3-_jj tVj! .3L>Jl j>>-j ^Jjc. SLbL-C d-cj^t 
Ijl— -> (j-SJ i4 h, t (>uj>L i , 0 ^.JJ j-j>-jj 4-jj£j j .«> r olj <£jjJtl ja ALH 84001 
.SLpJl J>>.j ^yic 4JI J CjLoj*Lc (jic i C^j-HJ 3j-3t-t_-JI C-jlST I jj L4-C e<jy£^ Lj^itj V 
Sjitj-aJ! (_-_! 3_>>jJ,l CjL)>j£JI CjLj-i q\ C-jjj ^J f.\*c£2\ (j! (jx ^ijJI Lr-*- 5 ^^H^ 
(j! ^cjj *L_-jVI ^--Ick.j ,L_Uj l>ij-a ^j! (j_sj*trtMn4 i4_jLu/ dL-o J>>3 (jr^ cJ»j£o 

^-ic (jjSjj cjLjjjSJI cjLjjJ-" (j! ^-JJ ljJ__j t3L_>JI j>vj ^-Lc LlLLs >LJj ^jl-u Liilj 

^Lil Jj_%.J (jl . 4-XJ>»jJjJ .lll J-J-C i4 J t J lUtl L_djjJ_Jl CjJKJ SjjJ. n,i 4jj ^ r «J (j_2jVl 



i JJjIl *Ll_>JI J>_--~ 4___j-* ------ cLK 4_l _J| ,Un> j^Lj -d_L_JI 

*Lo_1 j£J i^jJj-aJ _LL__-_J Cjj_$1_ CjLjjj_CJ1 j| _yi jl_Tl_u j| Jl-l_>J1 ^ 

JJ--J1 jAj tL_JL_Jl JlLJI Ul . J_-_JL CjJLs- Jl_ Iju* jl >^Ll4 JJj j , «jp d ,^ 

U_-__J JL__L__L 4^jLix ^ .(°) 4jjjj___JV1 j-*L>JLL r,Urt"H ___JI Sj^tj 

-JJ3-J __ic _J_jjt_J1 j! L_> (CjLll^-ujM 6Jl$1 _,I_-.ljJI L-_J_j_Jl j>C *____, _£b Ljaflfej V 

3L_l_>. ->j->-j __j__ 3_x_£jJLlj 4jj____X1 oL_>a>L_-J1 jru _y» jlju cell walls <jji_>. j ___>, 

iC__j__j J_3 CjIj thji \\\ jj_- jl LaLu J_^L>JLl j_«j ,_>l_j _M __lc fcssil Hfc 

jj_ jys C__i_ljJ 4_u JL*j«J CjLu__jJ j_~ t Jl J>-Vi jya j-_L_i ___3 t- h ^IjjJI <?___. Jjl_u L(% 

L__uj_t__ __1c Ij_5___j jl 4_$jJl_J1 L-l-wjJjj JL (j__j_c___o _P>-«4J Vj . 3L_l_>J1 -J->-J 

(jojL-ul __1c i J_-j_LI j_L__JI 1 jl^j LoL___wl L-aj 1 n ^ j iL_jLjj___*. L^_l _____ La ^L___>.i 

_£jJ1 c__)jJ1 __-_ j j<<i ML 4L-___>JL1 j j <Vn «I» __>-L>_U ^jJb L_aj , ______ L_^L^L___I 

c_-___-_l jl___ :(j__j_*1 __ic 4_<uj__JI 3L_>Jl ^j-J-J 4jqjJl_J1 L^jJj_lJI (tLlc 4_jJu__1 

Ct^! J-^-J^ jj_-jV1 _-JL_. 3L_l_-J1 j— 4-C jL> 4_4__c 3jj_-l__j Jj j n\\ Jj_3 J_) rt f 4jjV-j 

J J rtli nj JU_X_>J1 J J i 11 M _yi J_> _J_>-J J J 1 n <*H JlllL j^-4-J t LljIj . 4 m n j-U^L T , 0 
^LCj j-O ^L__jJI _____ t3L_L_>Jl _J_>-JJ jl ^ mi **( ( r, _"! jjjl j_fl L_jLj_JJ__JI _-_} _X_)Jl_>J1 

. 4_l>. CjLjL_> Jjl3 _j_o l^tj) i_n*i __JI j-lliiJ 4__uAj jism ____ jrt-s^i jj_wj ji ^Lcj^i 

. oL__lL>J1 3jLjJL_-JI 4__L_LajjVl L-J-Jjjj_-_Jj-t j ^ Tl l_jL__Jj__^ jL_3 l 1 j--J-->- 1 J 
jjj j_4 U3-^-' ^^j' (jy- - Ln--.^ ^Uj ,,- jl JSJ1 ^Llj Lxl_" (PAHs) 

.3L_>J1 jj^-j _-JLc; J-Jj L#j l J-j-C-j jL____2-___-1 
jjjui jjl jjl _-J1 t 4 j rt -kJI __ii i^L-jJI __j_al_->_-j L-^j r, ___J1 l_jVjL>J.I jjju 
4^j_^_-___Ui _-JjVl cj1j1__JIj 4_4__j__L_Ji jL_5___>._ , 1 JLae_-o _-__ 4-j*___. j__j t Anders 

iSchopt l_3j___L Jjj j-LJj .-- j_<ij t« b _yiL>JLi ,<u-ul 4 jlr C_____1 _^jJlj t4_j. i <_.<» miII 

.(J__J -^l _____ 3_J-_>Jl J_>Lxui J-ij-J J-0_L_>. J__J t«L_J>) ___i-L_-JLl 4_J_4_u_J jl j^Lcj (jJjJI J 
j^ rt lKU j_ijJ_Ji jrU jyi ^yu-J 4jl _____ JJlx-j1 __JJ-1J (4_-aL_i (JpL__>JI t n mi^ 4_sJLt_-_-J 
jj_i L___tiJ 4 mii) jyjj-. j-o t^tjj-ll _____ 4_cjJL_3 3_j_>- Jj_vj jL<j**t >-l Jj_v 3jJ_>L_I1 __-} 

____! J-J-rG L_0->J1 jyO» L_3j__ii Jj__U .^jlj-_>L_4 4--ll J 10 CJJLCI __-_! __icj i_-_cL>J.1 

j-c-*! _.__ Lo J5i .^j^Lojj ijljj i jjm m^-j t_$lS-o : ( j__Li____ , l L_L_!ji L-a^^Li-. __lc 

4jJ Jj-_L3 Lt Lol . L__>.j_/> j_vfl Vl Ja^J 4jjVl j-~ JjJj 4 . m q jL jjj-IL-Lc J-A 

.,(l_JL_a 3L__. jo-jj _" 4_i L-ul J_4__>JLl j-« 4J__ .J^t-c 


(__-Jlj t(< j-u-uLu)) 4_Le_-) __i_ 3jj_u__JLl _£__La (j_j-3 4jLLa ____* j_i_>- _M jln tnll J5l* 
£t-»jJLt _-Jc 4_ut Ju 3L-p- _yic M-jJj» Jju 4__*_*->J1 j^-lJI ->ju-> jl __J1 

at^^l^: m.VI __i_Jj5 -_c __3*}L_~ tl .U 4ut ___■ jJu JLj-CLj (jL_5 i4u$£u lTjLIju ____ 

SLs- Jjjp-J J L«i"rw l J_}->- ^-g_?_J3__>. lj ■ j <r j__>Lie__u _M * * M-xL3 L-CjL-*-* jJ-u 

4 . *U L_- 1 — gJj-s __ — II jJ£ _u Lgul 4__Ll_-_>J L-Lqj J-^ ^<l->J JcjjJLI (_-J-C 4 

j-<uj-lt ___S 4_5__jj___a3 ^Cj (__-C t_______lU l____ j--i l_3j__j j Vij I <i m <■ < . tLu J I J-J-J _f 

t4__»_Lua j-*Vl ju-jcI jl jI__-5» _y.U M _yj yL_uJI <____ JlLc _£jJ1 ^1_*_4__J1 

g-A 4_jljuoj _£jJI ij_)JL-! Jjlj-lJ *_}-- , --N (id^- CrH (J-*' Ur^J .«3jJ_>Lua _>--Jj 

4jjL___4j o > "u JjU *n I <__j £ J„ fl . "lt , U^ *a J__v-lj l_uL>. ____• l_5j__(Ii Jjj 

^-iJJ-A j_« -__>}__>. __ic 4_jL Jj_-JI ___. -Jj-jj _* ^L_>.j LLa JjL-___ . Lo-^J _?jL_*__« 

_j_i J-cu-La * rt <^> i J-*C 1 J-A jl» : jjJut Jj__i_j . « _y__jL__i» 4__-*_-j ___9 3jj____J.il 4JL__U 

S4j|jl jC j_UJL_JI __J_ J_$_3EJJ V _^ jJl J_>-jJl IjL-S j_4 - « £j-__J JLC ___>. IjJI j_4 

jjjul _>!_£» c, <£1 j-SJ1 j^^lc 4__*__- ojjJu j-&j tOwen jjjl ^Lujj Jj__j 

jj_j t4_j£j__uJI jLe-_-V1 _-_-■ *ljuu>J1 J«nM jl^ Ujjj .4u1jl_J1 JJjo l_JL_j_> 

_---* La (^j^uJI J^>-Ji' J^*-^ ur- ^Lp- _S3_s-j __Jc 4JljJ1 CjL^UJI J\ j_^I_»t ^jJI 

jLJtll J_CL j! ^j^- jJl >a jjjul jLii * JL>JI 4 t i jU^j ._>^J^* t>* ^.5-^ 
Jjl Jj_3 t_>jj, j;i »JI jj--Jl j-a l_jI lm"i l<J1 jlo-c j-->-Ij? __5 .«moon dust _£j_4__J! 

j_-) jjit-oJlj jLjuJI ___->J 4-LCl>J1 jJoLiJLl Jj_>- u_i^__>- <_.-_. -J tj_A-o!l L__)j^j-_b 

_»LJLl __J1 |»L_J1 4_j__i_ j-4-_JI jL___i__1 j_4 ^cjJI _-J^j ^lk^j-^^ c-JJ 4_pL____J1 L_3__i_ij-4 
t j.»j_.rJlj jLljJI (ju j-j1j_o (__jJ1 4jj1j_>_ jc l_L__L_ t4u _^L_>- _^j_>. l__i^_c __JIj 
oLuLSJl 4__i__e ^.-l-p jl j-SL-u _^jJI trange ^jJLI _yj j ^ ,,t < jl__j __ic j___j _-_Jlj 
IjjL^ _ jL_wL_- Jj-i ^<__)_j-_j - c-LJjJI (j---«-» (jL_3 tSLpJl ju__ __Jc 4_j____tj_ , 1 4_i_>Jl 

4_L_5*- CjLul__> ^-JC J-CL--JI 4_jj_. (_5j-j-->u jl JLtt-j-->.1 J__Ju _?l l___?c_j Lul jjJ___j-AJ 

4_c j__jJ»I L_^jL1j— >•! « L-.L)) 4JL__ij ______ i 1 aj'<f . I Tm 1 1 ) ji Lu j-__-_u j! I 

tL_)_^l_JI j_« __->ji_>. C i fn ___o- 4_)j_jJI _jL_iCj tL____J I Jjljj __ic P) i __j*_i__J1 jjt_?e_Ll 

jf I "K <1 J _p2J- > l ^jL- (JjO SLp. (jj| j^<_)L__j- ________ ! 1 J_J_4 4_t_3JU _ jjJ-j! JJ— >■ 

J2. -^l __ic t4_^L__wA -_£5jj_o C-_>u JL>-_p ji l_-_7_j t _p»j_ , 1 __ic SLl>JI -_c JcLilu 

lujuu i j_cj L. Liljjjj_u 3juj-_>. _-JI L _____>. _ L_x£j_^ (jlc 3jj_vjJLI l_LL_J tLs 3jj_i__j 

j-x---_1 L^J . __Jjj VI _£j_^-JjJI jL-iJl oLj-C j_4 j^«t y^Llj^ dj|ju-j___1 jc 4 j__ 


4jLuaV Cj! ij»H 4_--_sj-_Jl l_--*_uI I o m tjo ntl 1 \ j ni jj Ju I JjL-_u t juu 1 ^ 
^ Lfc) J_>L___->. , _M f-C.jJ! <_____ iL V_M (jr^ J*---* ^ U-*-- ^J^Lj <j-»>Vl 

. slerile 4 ^nta ^jj-L cuo j-« _/! 4j!ju 

*-__uL__-«l 4_jla___jJ ((j4LuLui» 4_be_4 (____ _>jj mlILI 4_IL__JJ jjjul j! (j^J-^ l)! 

j-4> L^__j • jujJ.t (_-JLc 3Ll_>JI 4j in^ ^-J- Ij^JlJLj Jl3 d^^L-cjj} ^l^o ^jl jnl-w 

(__J1 JL>J1 dJU-> -^jUa (jL_U jjJul < t <"K t^ypltT! jl___Vl jpir» J-J_JLX 

_i-__- Bj^Iloj l__L___>J1 \jJt Lj^ju I i i'n\j£.)3j ia^jMjuLuj)} 4 \ y a ^jjjscja 

ALH 84001 <^j^-Jl cf>^ ^! 4j/Vl J5L.J1 £_________Vt 

. 4_<u Jl9 3Ll>. 4-sr U r m ^lr, ^jjj ^jL_i" JtJjJ.1 0' <-'.'"**> 

^__jjL>J1 LJoj>J1 (J I , t " «J (_---Jt i(_-_Cj--i_Jl J_L_WJj1 J-^>- 4__U-_____ ^JjjLc (^-JLC-J 

^L-La £_« jjju! l_^jLi_>.I ^jLs t J_JjJI cujJj i_al mm<! ^ya J M.ntl ^yi gSa L^_j__i 

4__uL__ll 4___jljjJl (j-A 3L>-J**I in\.\ CjL>-1 **l M t nV1 j J i n <*MJ J_4__CJL ^jU **IJ 4__J*Lajj 

4 *f j mi CjI jU* a (__JL_-. ^gj U I j ( _-J_^j-_uJl J_j_>.jjl j-*-3- JJ^' Jj-*3J . 4J JjLJ 

j-_> -*jl,t,ja Lc J--j . ^j, ' " j , ' " ^ij 3jl-u>* l_jL_x___jl_c LljjJ j)3\j • < >> j * <n ^3 

JjljuJl ^< ^ij ^j? ^jJLl Lr^ 1 * ijr^3^3-^i J-*-°l l3~^ 1 3—*-^ ^LLu-Jl ^jl jL-^J_>1 
jl«__-7l--uj 

l^>I>JJ J--ol JJJ-J - * < i " ^ ^L-L-C. ^jL-J-cl ^-J. 
• « jjJL-__-JL 3j1jL>. j--iVl ^L-JLj i4-x-__1j j--?Vl uulj u miTJ! 
l_jLj_C i-u&jjl jjuujJu l_jj__1 ^jl 3jSLs ^j_4 Vj! i j__Jit_-i ^jl jjJul 4__-c_>. JjL>uj 
L^L-Lo j\ 4 n j ^ jj-Jj L-_aL_i__j1 ("(li! jj . 4_l_^jJj_u l_jL_lLo_-_ Jj->.j j__» CjLjjj£JI 

j^j ALH 84001 ^j^Lll j^->J1 ^ 51>L->JL1 c_Ljjj>_-J! ^jt \^^ **%*j3 
ijjt rr"i^ i3jj-_-_Ul l-jLjj__J1 Ji-1j j-_>.I ^-J! ^jl-L. {ja 1 ^ r jj ^.-a variation LuLu 

L_4-Lu <j-u-ir Ulj ^j j mJL-CJLi 4 j)r CjLijjjJi (__-_. l-jLj^-CJI (j-a 4 jl^ljJl ^lj->- _/! 

.^jjid jr Ullj JUJl>JL 4_l1__ CjLjjjj^ (_____ 4_iL>J! (j-a 4_ujJaJI ^ I j->- V 1 ^jj_>u 
\ $ <i j ^-jJI 4u^jJjj-JI JJ-C l-jLlL-*JI js&Ji i IjL^J j j iii <Ti jjJul jJlcj 
(j_/ __ilj Jjl_j i4JuL_j <?Lw Jj->.j (___5 CjL_jjj£JI ^j£Lu LaJL-C, .Cj_jjjj£JI ^jjjSu 
(jjJj-S-Jl (j--l J-3j>J Li^'i (*-j!-JlL1 ji^JJ-CJI A J mi <! (^-j-J ^-ic ^gj *l -rj ^Ul 



jl t^„.L..wfm j5 iJUJL^JI ^JI 4^LuaVL iCjLj-j-CJI ^ __j__>.jJll (jrya- i » ,-^lj 

4_L_UjJj-£ O^-"*- 4 (JiJ-*-- LA? <"^Vlj UiHj"^ Jj 4 _L-*-JJ C7-^b 0- /'T''^ jl i^J-L-jJLSJl 

t 4_x-_ l_jI jJLl JLj--w-__fl _____ u ^*i . **-JjJl **-U_-g LajJ *U1 _w>j I jjj 

L0L4J t^rUi <JI __J1 4Jj-i__tj Jlic £_^L_-__ Lj_-*-4 . _j_aeJjJU Qjj)£JI Ju-u_->l j ■» n 

jjjjl ct-_-_j Li&j .«4_jjL_JI CjLj^plil)) _-J- jjJj-CJl J j, ■ d^t ^yjij ^j^tlrt^ Jj-ij Lq-_> 

l-_Jj_-J M jjjjSJl , u , ,£j ___.__- jjLL UjlLc cjjl-v L_j_3 j-L___JI _____ ^.iil ^U 

(jjjj__J1 Juujx£} __j_j jV tLUj_t_tj JLS ^UI -L-_j_*->- <j1 JoV :j_jj_*i_l- tij^J*! l_35Ll!I 
4-_oj^_>. ^oJu j_a 4j| jj-ul j«jSJI ^jjuj , Lij t 1 <i-> jj <nj tUI _-_-! 4jLjj JuLc 
^JJ"iif Ul j5 JuJL>JI j5 ^jji (JLCJI J_U 4,fl.l"Te>a jwL^Luu ^LjJLtJi CjLjjj__J1 jl__ i*U1 

_y- 4Jj1 1 1 0 lj3j^jo c->u prclcrentially Li-__-L-j I g m <■ jj ^j-^-l.^ j__ai_-_ilj jl 

L-Jj t"< < II fl J-fl| <L_W (J-ujJ 4jL Jj 0) jl <( i» (___>- L-__~JJ ^jSwCJ iL_UjJj .4_i_OJ-*J->Jl 

4 jitll CjLjjj__JI jj_? iL_iLjjj£JI cjI i i njj __£ zoning «J)U i-n» Jj->-j *■ 

^J-Li (JlSJL 4j (tll CjUjJJ_-JI (jC CjLj_J_-J1 L__lj_- ^-Jl L-Jj--_1 j- J J ( .lir LJJj JUjL>jLj 

4__>u_iJl 3j j.t~U 4__oj_4_>Jl j-a l_2l£jv0 ^_J3 4jl__jj_j Lo J_u-jl_jJ_j jJ-> Ij-Aj . j_j_o__iJ, I j 

. *-UI j-a j)JJj__JI ,. Vj . m i ^ 1 __j_J JJ->-J (j_C 
iOLjiJI _-j- JuJLjkJI , 1 jn L..J JjJL>JI J.-L u£\ j_o J£ Jj->-J t-JI 4 j..MiJLj 
4_£:j__cv->Jll ^ 4_uI_Xj Lw-sj-l-llj 4_j^3_uJ| jLsc__-.Vl ^JL_31 q\ ___!! jj JL. I j j m.j 

^j_1>u Lo lj-u_i icarbonaceous chondrite ^jjjiJI c_^j__£JI ^j .3.lmi^mJ1 

Jj->.j_j 4j Jl_**j ^j___j_j jjl Jl_>- V ^j_v_4_) Vj . 4_^j| mi a 4. j ui jUI-i^ .fl jjL»__x5 ^-Ir 

^J-4__- ^-j- 4j| r«_Cj ^-J-C. j ^JJJ_SJI L__JjjL / SJI ^-j. 4-i-_- LuL-uL-l 

jjj--I JJjljj .(----jI ^>>JI I Jla £ji-V _j-^e * ALH 84001 ^j-lJI >*->JL) 

(juJL>JI V jmi<|) C* jTu i.^m jl JL>u ij-fl^l j_^ JL^Lu ^jSJ 4jI 4Jj_j_j __1I j ^.lc. 
4_j_-___9 (j__J iOLjj^SJI CjI t i ( jj J_>.l J j^Jou V (^-jjjjJbJI C-uj J. >*\JI (____! Jj_vjll 
4___> j_<a_>. Cjj-uu I jL_3 . LbjL_*-j 4__u j_>JI _>_jL_b (__JI jL__u_o VI 1 fl <*C oj V 2>L_l_~ JjJ>-J 

LjH-^ t4. j <m jlo L-l-Ul jjL*-ilj CjLjj^JI ry* J-i Jj->-jJ (ji->J-- •vt _____ .»ui 

. 4____> j-4->J I (j_-i 4 4 L-_5jjJo Co-.t jj-Lill (__JJ £j-ij L^J-4 J_C jl_b ^jlj 

LjjLUI cjLj__"ju 4-4jl_Lo L^_t jjbj ___JI >4.u .i,j-UL-JL1 jjLUI JL^-ti-l jjj 1 jL 
^JJ -U-^iJL J2jVI JLc i^j^l ^ ijj j^.tl L 4_5_-_uj (_-__! I magnets 4 j m, jULlUI 

_--_ 4 <u_L_ _>Ll_>. JJ-^-J l^-L" ---LaiLc Jj-_>J CjLlj^/ jjJjL-tj (jjjJI LiJjJjl (j___AJ 

■ 


q\ __Jl _j_u jjJLi! jLi! i«(j-u_jL--» 4i_*_>a _-J} 4>-jll 4jLL»_- __-}j S-UitjjJLI d jJt___J1 
' *^j* (^l Cjj>U L^wljjJ ^jSUj V £(j_}L-__-<Jj] JpL_JL) 5 <j j j mi II J__-_.'_ , l 0JL__» 
■<L_-1 (ii m i L___SL<y V i«U ^L^-JLt j-^Ju (jl La-£ .«L__j^)__t_4 00 ( _ T _^jJj___jj_>a 

j*_M ljj-p£L») ___} L-4jM j "<l 4___-jl___« __$_.! ^-J-c J_L_-Vl _>___> <j-_c ___j--»-_JI 
. J ____.! (j-u 4_u_j-~ 2bjL-Lo jl>J j_?ej ^JL- tdJJ j __J1 ^L_-VLj j^iii jULl-JLI 
jjjc 2l_>ij__JI *** j *i ■* 1 1 2 . ... jUl ;itl cjI i \ > *-JI ____ L^^M-jJLs a i4,,j,.,_n, j,UL_-JLI (jjLiII 

(jjL-JLl (jL_ i<( 1)) ^LJl ^hm ol < < < ii-w i(_iiJjLlj . ( j_5j'_ T l (j__C 4_a_^jJj_u j_lC CjI jl or 
. jtjjJLl (jJ-t 4_-qjJi__ dL>. Jj_>-j _>c ^jj-j-uJ Ljj-iiej V 4j ( njUL-JLI 
(jjLtll JJJ>-J j j ■ ■■ A M *-JjL__*_ja (^l (jl __J1 « 1» ^.-aLjJLI j-i, t.aj JL___S . Ij-j-J-Jj 
4^-3-ljja I 1 (*_^>^ Ct-L^- ^JJ^>> J- 4 L^-u^Lj 4___u/1jj C< t nr» L_1 (j-l-l 4 j ( ii jUL*JL1 

j-_acj ^J l_u_3_j (j__ijJI (j_a j__>j it____t_____JI jJL 1 j mij ULuLa *_*__*_- jcjj-xJJ (jl 4 nj *w 

-bj_vcJLI l_U_j 4^ jj Mitl magnetism 4j . mjUL_JL1 _uL_c _-__j .<j_f1 __!>- _J_ju 4__.L_l_ 

4 j t n jUI tt a CjI i j i -- jjJLj (jl Lj j j I \ |_£Jl_>J1 j— ^jja 4_jI j Jl_lj 4 t j_>jVl <j--C 
. 4JLaj3 3jj_l__j l_jL_u_»JI -JL-b 4j <- 'J^" ' "*i _)1 ^j-Lu Lo l_]Lu_ (j_L ^aJ Ijl i4__i_u__» 

___* -oj_>.j11 iL_jL__JL>JI djujuJI -LuL-jj-M l__Lj-jj__^jlj_^JI __J1 £^a_>.jJI jl_cj 

j_i__?_ja» (3JJ--5 (j-i-- (j--llj Aj\ ^i-j (j-l-l *5jl jA (_$! jjJu! cj?JuJ *_? iL_jLjjj_CJI CjLj^ 

ALH 84001 (j^j^-JI j-^JI u' u- 4 ^LjJb iL^oLi l_3jjl__II ^ ^jl-^L «jlj 

dJujLjJI 4__uLq ojVl l-jLj_jj-S>jj, t j ^tl L_jjj-_t__> (jja JjJ-d JJL_C (jJ-C VI ^j_*___*_j V 

(j_JI jjjul j j mij i ^AIA ^LJI ^j-i. -j_4 JjV clu^w! l_jjL>»j (j_JI 3 jjjJ Lj .l_jL__JL>JI 

(j-4 l_jIjJ jjj! (jja l—^ua J-C (jj-Lu (j--Jlj ~ <jl ** < jU L_jL__i-jj___*_J l___3 j____ Ll (__!_! 
t 2_l_-. L<-o -Lj^JL-J _jj__i_uLa j-_ j_C — (jjjj-SJI (j-a _»jL_-.lj *>jJLJ 4 U ilj— a (jj->- Jj 1 j fl H 

^yi I jl_l_>. L__5jj-_t__4 ^jj j-Aj inaphthalene ^jrJI "i n <ll 4_s_j|j ^u__j La (jL-cj . n > 

(jja 4__j_5l jjl l_jL-_j-1I (j__1 ^J-ir" < njj iL_j___L-JI dJuJbJI "4-jjL-jjV| CjLjj^Jj Jll-^JI 

.^jjjjiJI _ u . i&\ (j__Ljj (jLlJLl CjLLj_>- J_il___J 4_*_-uj (jj5i_uj * mothproofing 4__*J! 

-L__JLc j___i__-! (j-ic J-cL-i-jJ La JlJ_C (j_>-L_-JI (jL___J,l (jt -___jJl_*JI L-JjL-r-?ill JlSjjj 
\ j ■ i :<j iCjL-uLJI SjuJuJ! 4__uLajj, VI Cj L jj jii ^ j Jlj_^J I 4__C ^"i n (jl (j_LiJ JuJL_>JLj 
4-ljL-jjV! Cj L j_j_ii J j J j II -»JljL__JI ^ljuVl (jja J_l_3 JJUl ^j— _w 4__C ^IuJ V La 
j jU"t l (j-Jl—C ^jjJ (j-Jj 4 — j — _u_*JL))) 4_j| __J! jjjLl (jr>IV jj .CjI — __L>JI _»JuJ — jJI 
-LL1__ ^ljj! (j-ic (^j* -r\ gjjJ I J oL__L>Jl SjuJuJI -L_uLqjjVI CjL jjj-^^j Jl_l_^JJ 


___ _j_xjJLl l_U_ J__o [cjLoLsJI SjjJuJI 4_pLoj;-M (TjLjjySjjJ \$\\ 4jLiJj 
y>~\ {_y£- L^J^J-h 5 jJLuaja i^j^u __J*I J ■ " 4.oj (j njt iALH 84001 ^^^j-tlJI j_?e_>J| 

4 ii i o ^ J--->? 4_j_jj I ^j^a Lu^JitJ Lljl <«t» ^^L^JLl Jj iij iii t l.t£-_j 

-J ji Vj . ^jjJLI <_____. 4_*ujJ_ SL_*- -*y>-j __JI j j ■ nl L$_t ^L___.VI ^uijj 4J.it 

diLj n ->JI ^^Aj iA^j i^i ,]\ 4_j_>.LlJI ^j j « 4JjVl j-ii-l l£>--- ''- JLA ^UJ* 

^jSLcj i^^LHI L^_*_>. jJL__ I jj__j jt t 4___ j"<-l.l microfossils 4jj^>JLI 
;Jj-Sj 4Ji U jj .nanofossils 4jj_iL_I ^jLj <i ->J1 f_-J I ^ jlr J>U--> 

____! _AjJ__j_ JuJ^j V 4 J.'^jt oLj____- _1_vjj V 4jL» q*__l>JLl j-^-j? ^-Jj--.- 
tjt <L$Uj$ «j ajJL Y* * jt ^ * * ^--Lc. 1 ^JjL Vj ( lj-_L_vajJL Y* jt \ • 
___-4 Sj-jl_- jJ-->t j-A jJlj t((c_j» ^^L^JLl ^.1 j aj £>£J : >L_L_ -jjU" mij 
Jj_- J i>i M 4_%_>. ^JL_u (jl 4 'i^C <i j i_p_j_M 4jj_^_>JLI CjLj___>JI JLst-o 

. CjIUL 4__t__JI ^ JUt) 


^--SJ-jlii j-_^_*j) a « Wiat £___m ^_jjj__sjVi j ^ v/ * a "Ui Sjj___ji ____> i 'i« o! 

jLjj.jij.*! _-__ 5UjJ_UI ujLjj__>JLi <tU_j_H ^h-jj j-S-Lj J_L_Jt <_->>oi U m*» j^Iaj tALH 84001 


^jju-JI <_1_ SLp qc 11 


^LJj .~- jL- < 4_<uJ— — Jl CjLj— __>JI m rVtj * * j__o'_M ^jWlj L a, \ 'iC 

J-Aj tjLc-i-bJ,! 1 JlA ^-J- ^JLJI -ujAj j| jjj j,„,„>. p t^<- I Jl__ I JL*j l-_j-<_j 

jjU"J1 4__Jj J j\__j_xt jj JUsj ( Lj_>> jJ j_uj_J LJ i ) 4j4jJl-5JI Lj>.j_j-j_J1 jll inl 
jUi n (_JjJl (<(L__j-jfu>)j . (j-j j I t I (j-ujJ (j-* L^jj_lJL_T -l-_*L~_j -L_>J1 J-t__1j 
^jj .LJ__- 0 j-*_- j_a Cj I j m i _. < _ *> J1 t hts>Vta ___* i j j < «jlj» l__j_*_j 4_4--J 

j>j--Jt __1jm"i i ii Jj*L>» jjLajLbj Oberlin jhJjjjl 0 ~< ___} L_>. jJj_l_>JI 

^-3 Lujjdrt jtL5l 4jl_4L_*_j ^jjjJjJlJI 4 \\ (t\ A is\c\ __JJ r^___u jl L jJj.,u-.t-ll 

JJ_> i4___l_j__>LJLI 4 \ cu (j-jj ni ttlj ( j-__4_-_*JI J^ _-.j . UCLA ^j -j 1^*4 <j-jj- 

_____ jff i mtl (jrU^L) JjJs c_u__j_j ^-Jl 3Ll_>JI jLjT 4___uIjJ r L_i_>L_- l__j__- 

*4_u__>jVl jj_*_<__J1 

(JJJ-4 Jw*_- JU^I (_-Jj Jj__>jJJ ____yL__JI tjOjJl l— -J--J (J-4-*J i JjJ-_- (J-OJ JJ-4J 

£<**j 4JjJl>JI CjL-1 mi"<VI jl jJluj i4_L_u j_^^L V , 0 jjfcj i-jjj_o>.Vl 3L-*_U 
CjLj h j_-£__JJ » 4JL-u jh_j}L V , A ^-Jl (__--ul j n tl r*->jJl J^-S-J (_5 jJI j_ xi_-J1 
(l-xJjjL>:Jj.:, mJI) ( A ) 4_i__1 ,Utl 4 j jItUH 4 j ,nKt1 3j1j-__JI J* ___j_-_- 

4j_jLl__ jjV ir> <___* c_JjjL*jj_1_J1j . LJIj-l-uI c_jj__. ___> 3jj_wjJ,l stromatolite 
iL _iL__ U j_iJI j_«j *5j i^i ^.11 ^1_SjjJ1 Lj j ~t*\ . J I jj->-j t-- jj-~<j layered 

L-j gtSa jj V <ntt ^Utl ^«iJlj i4J__d1 _Jj_t__LJI «*___<_>.)) LL_j 1 a j o < ^7i 

jjoL_ J_Jj_i j 1_^j1- jl> (___) _^jjLqjjJc__JL (jjl (jJ)> Jj^j u_j__i» (jSJ . j_uJLl 

jl jjJ j-c 4 j ^LJ- ^4jj_5--_oJ l_xj_T1jj ^Lj i-L I -SUj 4_V t ^3l_j__>J1 jj_>. j 

♦ «d_j^.jjo Ljj_u£LJ1 jj_C3 

3j_*___ Ji-1 j 4_l>. CjL__i _JLu_ C_i_i 4j Li l__j__j jJlSj jl * jjj i4-_LcJ jJI Lo 

j-o populations cjIj^jk __bjJ c_jl_> 1 jl» l_-j__j JjJL SjrU_*J1 jjj^L L_j_o_- jJLj 
jj_v jl jL^L-l dUi.j (___ jl£ Ijjj iULMi- rfUii-_ ___JI 4jj4>JJ 4-pJ1 cjLuISJI 

^ljjl j_o LM-- L_l] _j1j4^->- -JjjJ C_i_> l j}j <4jJ____ j|j_4 jjj 4_Cj_U_X4 L^L>J1 

4_L>Jt cjLuISJI l_L_ Jlo i[Cell division ^jliJI ^L__jV1 (____ 4jj| j ^Ul -__ll^a 

w(_JL_j (jjl -JLlA jj_u jJ J_JL__ *j»J-J1 U^j-u (^l 
CjLjjI 4JjL___4 L_b j— «Vl 4 j mijb MjljLb 4 t - L>. j-o . jJjl (J_jL-ujj Jj__u 

jj_4-_JL1 ^j_>JL 1 o ^jlr (j-_j_-j jl L-L_a tadultery 4 j>j3 4jI j_V. cjjjl_- 


_fc_^^JU_J| 1 'f t t 


l__j_--~ jl " (3j j ^ ---- JjJj J-^-jj ^ L«jj *flagrante delicto 

V ALH 84001 <^J| j-*_>J| ^ D „ ( ;y,tl JJjJI <jt <>- ^l^I Ji_j ^Ioa 

.SLpJI j>>-j (_.__£ LlLLs >LJj LJ ^jlSj 
crllP^y' j. Ji- 4 - 3 <_-j- (jjjj ^pil «Sb^iJjl L_jLj-__>JLi» 4" $y\yi jl_c.j 

^J 4J__J it_3j_ii L_jj_Li 3jL_>. l_jJL__L-l__j iOjjjLjL-oj ^L-Lo JLLdOJj L-$___J__JI ^^jJI 
d J-A jLi_>__t ^LiJ)) : jAjL_S 1 JpjCj . 4 i j *-ojJ I 4"i i "L5T £ya LLt-tTu 1 ^fit 

L_jLaj-__jj-_ujJlj .«L-ijj___j 4_-____ij CjL^j-i-oj-AJjil J-Aj t IjJ__oj_jL Y* j_5tj 

(j-c (j^-^ ^ j--^JI L}L-->JI <____ c_jL-Iuj^--JI JjI VI j-__o1j_-\ (j-aj tribosomes 

^ i() < i CiLjSLa (^yAj -3, lrt td 4___jj-Lj 4_CjI i n"l,l 0)LjJ|j (j^Gjj_jJt (j-« l_jLjj^_>. 
Jj *l_j! j-« j m« t . t jJtjL_>f ^Cjljirn itl J Ci mijI» . L^jI J SLpJI Ci mij! I^K t 2l_ct_U 

JJ-»J (jy^llj t L^ii Jjfcj (___jl 4j^4>dl L_jL^___>JI (j_-0 3j_4 cJJI ^l 4jL*J jJ-J__>t L^jJ 

^j_l_>o 5j-jJLt__JI 4jj jVytl L>L>JI <_-j->.j .0 0(jj-j_-iSJI Jj_a Lo j »tl 

*L___Vl ^l jj|j ( U ) l_jIj_1____1I (__JI 4_9UbVL) t CjUj-__j^jJjJI (j_* j-lS JJLC (jJ^. 

.((4_3lfC (^j-^-^I 

^J_-J (_-jJI i^ J„< - O jJI ljL_-> JjL-J «<j_u» (j -_cL-_>Jll 4-jt T <i> IjJ— 3 w ^ "t 

< " ■ mJ » l__j_A Jj-au S (jjL__ j_i_c_>t r*-te->. j-Lj j-i-i-_JI (j-« p£ tj_j_uV1 Jl J-4--JI 
<a_jjL>JI 4-ll____J1 Ci mijI _»JLA (j_LJ t^_7t_>JI (__JJ 4 miilL SLpJI _>JJL>. Lo (j^jjI 

. f \ Jjt__JL oLj____>. ^4jjj__JI l_jLjj__-_>J|] (jl (jJjJj jld-I }L-a . LLa 
oLLj lJLLa r.niih . L^j JV_OoiVI ^jSLcj ^l oLLlJI ^jl_u ^ |jL>.t <jV 

Jtlj^a (j-A 4jj_La L^jt (_--£. J-Jj l_JLl-> (jaijJj ^(JjSLlj :^l j,,«ufCJl L^jj^jJ (j£. 
Lt (jt La£> .3Ll>. ( "< mjt (___$_* *l_jLjjj_-JI (j-A JaLSJL 4jjSLa C_jL£ lijj .4jj-us_C 
(jSUj L*_> il-^j-_) >L_wl_l jt 3j V <n\\ (j_a LkjLd- jj_jj jt t Ijj < <t jJLu ^ I-4L0 
.^-a-_>Jl 4 lj* ii X 4ljT*i ^yjLi (j£. djL-C <? j-Aj . Lo ^jj ^yS 4_j_>. C-jL_> IjI j__} jjj (jt 

oLj-_-_>JI (_-_9 j-t-UI (jt-cj Loj-JLc LuSLJ *deformed I aj ^ 1 jjljj Vj 

(j-jiSLj ^J-lojj 4-jjjj (j->-<u L-^_U /.* , ^ (_-Juc. JLjjj V Lo (jL__ i4___jjjl 4__L__bjVl 

.«t-jjj--. (^j-L-ij (_-j_ 1 J-Aj . 4_lLc c_9jjl_JIj ajjMi*i"t 
Jj-OJ S4jjjLJI L_jLjjrt>n ^--jljgj^ tl l-aj^j-JI ^j^-ulj (jjj_-.LJI JjLtJ fJ IjU 
: 4jLLuj J-*_>JI (__JI j£. Ju Lo l_JLlA (JulJj tj-x__lj l__j-_-JI t^_-JJ 4-j-_u_JL» :l_3jj!- 

i^jLjLll ^Lc ^ (jh " >.Uj q^>-jJjj L>* 4-c j_4__5___o ^jt (j-^L-JI fVj d a 



^L-jj j ^l *:L*Ll3 i educational 4j ojU**, .*?. A # j^_L>.^j_iJt ^ lj m.jIj 

j i r\\ *(j_aj irtAJl 4_>-j cr^J .((j-ot-ua (j m^jlHj i Lj_w jj j_uJ 1 j-C Ljj-jj jj <i 1 1 j V 
i4-Bj_rc--i c__L_i (jj La 4_3j-*JL 2Ljj_-___4_J1 t_-_L_i1j-_Jl ^jLc [ ' jJj_j_J1 £. Lo 1 f ■ 

iSLpJI Jj1j_-_ <_-__c ^jO->o c-_l_> Lj>L> LL___> juu jV VL-j_>-I jl^i (__JL_JLjj 

i4_j____J1 4_i_>»LjJ! (j-o» ^LjL- -i U 5 *tl _>j__> <_-ic __3j-__ J^Jjljj . LjL*}L>. Jjl-oj L_b 
^yji jo j^ll ( «j^jnoJIj *LtL>ljJ1 <jJ_JI jAjaj J>»1 ^j^jg i4jj__u__J1 jJL j-jal lj--> 

Sjl — « (_-_. Lbj o r CjIj i *i -> JLl 1j — j— >- (jh * *ij ;4 jj_jL1JI CjLjj____-__JLI 

(__JJ (_-____> j_u VI j-jJ___uj i^JLiJJl j-_-__>Jt 4_j-_j (j_c LgJj_cj iP T ) _■ in^j-u^ I 
«-e___La _-JJj__\J1 j $y <u ^1j_l_JI (jrt-r°i ^J t(j-/U -/I (j-4 jLuJLcj 4__i_i]_j jt-lj-_u 

c__L_' IjJ Lol uL_____Ll (jj____jj_>. jj^j-^ ^.a cJLJ j JajJ l_)jL_*o LJL>. (_^j_>o) 

• ( J J ' " fllt <i__jj*Lci 4 \*t i fd (_-4-5 i4_-_ t h im^* < n (_£ jJI Laj -c_a- m i n 

: Jj_-jj , LaLcu jj-Jll 4_v_i__ ^_Lc L_dj^__j Jlaj i j-aIjJ! c__sjJI (__JJ 4 t ( n itL L I 
: ^jLojJI ^yA jl_>JI CjIjI or ^ 2u*jJ*7t «,nU ilLlj (___-> L^j _l>*jf ^-jJI 3jlcL_JI jl » 
iLiLj 4 7) j ^J CjLL__v>LU oju_ <j! J n~ c \ *j__-jSM j_/i J^_i_>-J U^> t4_____JLj J->u 
_j! Ju>-1 ^jtVi <«j J_4> j_CJ t3jL_U_« 3jj\_j__u djlj Lo [oj ' ^L-JI J Lijloj , \ n *^ 

_)J_0 JL-0__ IV S3L_L_>J1 Jj->.J ^-ic 4 0 , nL->. CjLo>Lc L^jf ^L-JJI J i r i 

. 4_j_3 L<u ( j___j_-_j 4jLj Jj___j V l_X-3-l j-CJ *^jL_9 l__j____j ^j 1" <i a < iiirt» c_jj_-JI 
CjJu>.j Jl_5 4 ,,i<i ^JI j U i nVl dJu- C-JL-T 1 jj : jjk LlA Jjl__JL 4_j_>-jJI JIj__-JIj 
. 1 7i\\r\a $3Ll_>. Jj_>- J ^-ic JjJj 4j! 1jLjfc ^-Jjlj J^J_ i^paj^l ^-Ic 3j-it_j__» ^--3 

jjjJI ^UJjJI u^] 

i> j_4> j ni ) __-Jt_J__JI j_4 jj^ J i (i 1 4_____t_2__>J I 4 

.|^cjL_jVI ^^3-^^ ^'j^J uj jtUj i i t 1j_lfC Lajj_>-1j 
^>-l ^ttu^ *U--U tt*-'-t |WMJI : >UI *.ls 1 

J_____j_>- 1 i<(__j))j i« I )) (j^-}_4L>JLl tj\j 4 j iri nTI -JJL^J 4_jj___J1 _liVj_t__Jl J^L>- 

^ ^Lcj-M L_^-_L-_u ^--Jl ^__>J1 JLl__jJ 0 V1 0 ri^n 4JL_J i(4_-o_L>JLl ^LSjJ 
ji__l_*_<aJJ (j^LcJ -__-j_t gjj__)jj- 4-L*_i) Luo JL-uu Vl 4-oSj-^ jLjitJ jj-j . __i1j_t___-V1 
^Lcj*-*! *L_st_>. (jt cjJ! b J ^ -4J-iVt (>xj 5jj__uJLt 4-u,i,o ->J1 JjlJt ^jru j-^>JI 

(jl 4JjVl Jj-4-^>JL (j-^J L_J_T (_____, JL4_-*J ji (^JJ , V Tt t fil (jf L__— tJ SL-CkJI Jj_5-JJ 


jJI __jl 

_5-Aj t4__oj___tl <L*__>. 4_L=i_aj ___<___! «_>_» __^L>Jtl J t"n nj i_jrt____J1 j_« _____ 

jJL__>| oLjJ^___J1 CjLjj-£> __.! J_>- J___ ^JjJ _-_Jl 4-jJ <>> J i H J-___uVl jjL. Jj-_JI 

. 4_j_>. L^c- LjLoj _jj--i _jl _ys 
(JjJlJ V 4__jL ^L->1j___> _-_ j_ju «l_j» _y-L>_ll _j1 "l_i_-}<La _)}_i__>JJ _ys l_AI__j j_bj 
_jl <LLj_i_-. .... tL-IIjJ ___fc_L_jj . 4_l_>JI CjL_jI_vJ1 ^_*_>J _--J_ _*! J_>JI j_Lj [<£» 

C-ljNnTI __JI j->j-j _j-J1 oLjj___>JI _£l _ L^___j_ __lJI 4j___>j _M 3L_>JI J_L_.I ^jo-w 

CjI j i.n j ill j-L*_>.f _ys j-o--L j-J-i I ^L-*_>-L» J___J_ J_>-J_ - Lu_>j_C j <i r _ys _-Jj _*! 

4j5 j4__j _--~L_>JLl ___Jj 4 im.;TLjj . ALH 84001 _-£j-UJ1 j^-N _-- *jj->-j1I 

Ji) _"1 ____ _j__2ljj_d LujJ i_)^1j . Lj-i- JjJ- jys C-jL_ CjL_u-__u_JI ~s->j-ll j_l__ _ys 
LjL- _j1 ("iilj <j1 L_A_ol _____ _* «T.,_u.. . ^Liil 3j j t 1 n CjIj «rtjjll _jLj j*j->JI JLiirtil 

jjl jl_4__J j_3- VI _____ _TU__J L_4-OJ il-J__U JL_VJJ _j! j)-*-^ OL-U_-J__ll ^Q_fc__J 4___U___J 

._>_-j_ , | __lc djj_fc.j_4 C_J_i Lgj| jl JjloJLj J-*»J- LjJ_>J1 djub 
t 2JL>Ji 4_JI £_-_>_ Lo _jl _____ J j_l>JI -_x_>- _>_-J i _3jJ-_J1 L-_jL>JL Jjl t*n Lxu_3j 

2l___u Jj--/! _-_-j ^I^Uj membrane tL___ _jj_u _j! l__*j *L_jJI _jjjl>. _--_<__! ___a 

L^}LcL___jj CjIjjJI _>__ 4___j___ I — « _j1 . L_^i_-L _-__ Sj n « 1,1 __L_u^_>Jl _ya l_3 VI 
Jjjn"ill 4 jml iii_ t j 4__alojJl ____ jjL_JI ^LAiJI _)l _____ 4_4>l__j _; ^U m __uL_4_j__JI 

L-jjJs jl .JSVl _-i-. ol jJL-ij_jL_ ) * 4<g m, _jj_o _jf c__*j spatial limitation _-jl--l1 

-ij^-J-) Ij--4JJ-J Y * 1 ,, , _jj£L j( l-oej 4_Ji- jl !j_A _-_JLJJ *4q j (\\\ oSJb qA 
J-Uj 'Uj 3jj3_« _jj__ 4_lL__1j ^LuA _f! __JI 4-3Ll__VLj (U-u-L- _ys JS" __L_ ^LAiJl 
_JL__ _yi l_1j___j oL__i_lJ| _ys j_u_J| ^lp m, _j| jJUjj . JS_ f | ____ 1 j-wsj-Lj V * __J1 Y0 
- L ^ Jua ^cij^ UT--1 jl ---I^ <i£*i3 .j-wj-L Y * * _J1 _4___»_j J^Io J__5j Lu- -4 <aj rtll 
j-Lu 4_a_>.L ^L_u_a j_-i t j__Lfl^jL Y * » L^Jj__ cLl jU ,J _yj___5 J->-j-J j! J^ Vl _____ 

CjI j___-j__Lj ^ * I J--* (j -3 ^-^- l> — x_L_>. ___>. jj ih"i iCjlj " ajjLj o L_> jJL__. 
5_i___JLl __L_u>_*JI _ys _jL_J l jl __Ji ____L J__ j ♦ Ij_Loj-.Lj Y0 L^_x_>j_c 4_jIj__u_j _/ 

iS i jy 5 ^hH^ 4__»L__j j!i_*t _ujl__ jjSj ^i j t __pj| Lj^UJI itnJ _J1 4 .M,;1L) 

__Lli_J^__Jl _>J-_--J _-1 4lxj-___-j L^__WJ1 lUnijt _ji __-J_>. i_>-SJ- f | ___£. dJL_>U 

j-Juu ^__>JI LuSUj !>L_ tj L____i- Lj . jjJalll 4j_ILJ1 3 y\\ oL£jII _ya L_ ^-J-C-J 

. Uj->.j L^L_>i _>_L_! _____ -J>c_*_4 L>L-_* cjL.^j Jl JjaS 


£jjaJI i^lc 5U-> ^___ l A l^l II 


I L.L.LHLU 


l^-uSLJI (j_jfl L__jj __j-_j _>--j :«_>_» (^L»Jt1 Nj U" , „ j 4 j_aVI <L_j__v 

Y * * jrU l-$JljL! £j(j__ (_--!1j *( U ) 4±i_^££JI I 6 q ,„1 i_>_>j-/1 ^ 3-J-^-jll 

_)1 1 nlr _Ji_— u ___Jj . Ijui_> _jI j i^jjll _r- L^IM-uj» 4j___j (_-Aj ijj-AjjU t • * j 

L^Jjlo _>_J i__L___jjJI Jj-a narrow 4 <ij <r> t"< < «jl L - .XjC n lj^~C t _jl ^JUj 
2ujj___ j__1 L^Li__:i __ISJ 

< u J djutj iju_— j Lgj—Oj— v <j-4 ju_ 'I 
_, n n fj\ 4lj i n^CjSJI Lj.jjKj J-uJ (jt^ O— 1_tp9 ♦ 4j j^?e_4 __Li_l_t Jj i j_l_~j 

1 5jj^?tJ (jSu-tJ Ljjjj Jj) Jj__JL JL_>Jl ___ La-£ i_*_>j_l ____c 

<_ *< i m jj J_9 Lgjj_^ < t ( i iii j i ii nj La^a t _)L__jVI __3 _>_>lj_o SsM __jJL>- _—_ < 
__L_jj___j_JI \\ * y > -<\ 1 * *^ *p < , L ,>>U L^ol.Tg-r»-? ^iLj 4_ojL_> 4jI_**j 

jf J-yo j-_-- ____ Ju^jj IjjjuSLJI _jf Ll_u! ^Lu <j__-j S<Uri-_a 4*jJ_S L_>Ls__> 
4j_jj I j j a jJ j_£ j fl i \ 4 j iTjLuJI jj_st-u_J1 ___ j____J1 _;jJL_ __4 _-_>_ _j_L__-- 

I Aj Ir ♦ J_L___t1 4_LiJ £-4 _)L_ £j_) (_£l JLi__— jl (jjJ _)-4 1 4_J_-Jj_-4 _ 1 _>__i__lj 
L J_LL-_J I £jLA _yjC) JLJJU_J (J-w4J i_>_>JJ_2_>J1 4_>-J _-— _ 4_U_jL_ ___Jj__JI -l_l___j 

jJuj t4_tL___1 L^-joI .~_-- I _>_. (j_ujftS__j 0°) l_^^L__-__l _Jj_L__4 _>______ __ I 

4JjLi_A <___ ijal_=t_- _ 1 djub _v<3 i Urt^ JLa-lj j nir __11 i4_U_3 oLjj^Sj a L_jJ__i 
_>_. 4j_- jISJLi «4jaj_iJ1 Lj_pSLjJI » dJub n Tj . JUJL_JI Jjj>JI jji JjsL-jJJ L^La 
jl ^juJjJI (j-« J^ 3j_a L^jJlJ (JJjLskJI ^l i n n*i VI L_)Vju_« (jiaiui. JjjjJo 

. Jjl-l J^- 

(j_>j_l 4j1 Ll_jL i«...j_j?-T Jj__>jji J__ul j I J_l9)) :«(j_» _^L_*JLl Jj--j 

> 4- l>J I _jL_1_L_ <__}__ 1 ^-*_*JI j_b JLc-lj Jj_uojj0 (__1c. 4jL_Lj^ jL____VI 

(____ SLpJI jKjo) (ji_iL_ V Lul i^LsjJLI jLuII jL__l_*-UJ -___j! (_-jj£.- » 
,(jVI (j_4 _r___J1 (j^j^L) J_i_ jjjJ.1 ^Lp- _JL__ c_j_> (jl Lj Jj i(jVI jj>II 

(J__U i __-t___J! (^ 4jL_, 1 J ki jUI \\ A VL_%-4 1__Uj_CJ ^JjJI ^JjJLt (jl ^__J ^-L 

_-L__ _l 0 jULlUI 4JL_*-« 4J j_^_uij Juoj. Lcjj ^_J— L I (j I _r— - ^ ! L>^-*— ^ 
_>_>j_i_j _j jJI 4_ J < 1 1 1 inl __IL__Lj c-i—j— Jl l j__ 3j1j_>. 4jvj_ _-_ ____*j1 1 ^..y <r 
Jjj_ JL>JLl I ju- Sj^ C_j_C <<& (JoJLt V _>___ t 2Lalj 4_-Ij___jj . JuJL>JL _, <r 4jI 
L-^Jol "-.Ij l_-_ iljSJI JuJjj 4 j n j^ 1 I ? <i ^ *3 (jl !_<__ t_rj___J1 j-c (jHj^L) 4 t tnj 

^J_UJ 4j_j£Lj L___jJ-4 Jj-4 __Jj ___- 4JJ-4 i _\£j-4 J_L— . J_4 1 4 J I <ijl~LjL_11 L^jVL%_U 

__L_ _,(,.jUL--11 *-Ls__)VI Lj-u_Lu 4__j_J1 4_*_>J| juj gjWmn V I u<\ .SLpJI 



oJJt> J_L__j cJ_j u mi j ULit-U JL>JU 3jJ_ ^jl^ jj-j *J j <• -> -a o^S^s _>_L__J 

Lu! 1 <>>ji •*u__>jf __jj_c_} :«_>_» __-c,L>Jtl Jj ^ J i^iJJli Julj .«4 <ij**<«TI CjUjJj-_J| 
(____ Jj-_>-jJt! JlL^ ^ \c (_^ jj j__u j-u-_- < "<j * < J<> Lo <_-!-- > " t\ LoJLuC 

_.(") ^j-j-jI "< j*ilt ^j^t.i J___iJ*_j Lo 3_>L__ 4_-Ls ilava flows ^_^_>J! cjL_o__jG 
L-* i^j^Ll_uJI 4___1_-_j ^Le <-.j"j •.«_.! U _-_J! Lj_uSLJ! LJ . o - mj J- v LU 
j__*_-_>J! (___?> 3j j_>.jJJ 5 j , jUl ; ;t 1 ^jLtlL L____-i&_4 ^ j_L 1 "i j " I I j__>_) V LL J 

.ALH 84001 ^J-UJI 
LjJjj <«_>_<» __-aL_-j! J j ^ j ' ir i_£j___1 3_i___lj 4____u _j___Ll___ __J p *W <i,u i Llj 

(jh nl-ntl _L_j! -__j m < dj _;! Jj__ ajUuLa (__]! 3j__j 4_iJ_>- L__u j_i___Vl _jjLaj JjLtj 

4_J__ _£j_-_u _£_JI J-JjJI tj-a-jjJ jm "iU (jAh^j ^iL" JjLj! ^-jj-c j : LoLu 

jJ-I JL__4 JjJ*-* 4_( (_____ i(PAHs) CjL__LJ1 BjuJuJ! 4_uLjj_M CjLjjj^jjJU-^II 

SjujljJI 4_^Lojj_M L jj j__" jj i j (jl ! (jl . jj-Jl ftL_>.jl 0 % __._> _ j_>u Lo _____ 
^"i- cjjIj _>__ 4_>uL c. mjl L$_L ^LajJI <____>. , ,_ _-_JI j t (PAHs) cjLoLJI 
J_ « r<at j I * jl-j_L>JI ___* ____j-__l_JI j___* >JI -ij-^-j *LM (____■ Vj j j "1 ^U 

4_l£j_l_JI jL___~ _M ___ 3_j_>-jl1 CjL_1_-JI SjLjJljJI ^LpLajj _M CjLjjj-_>jj JLj-^JI 

J_>Lul j-jjjJ <jl *fLVl ^-j_j __j_ j-jj-U jj-j <<-J (_,jJI JjJJI l>5 'iSj >-Vl 

j-i_i cjLjjjSJ! cjLjk__ ^yii 3jjj>-jI! cjL__L>JI SjujuJI 4_uLjjVl Cj L j_> j_* jj Ju_^J ! 

^jii! j___ 4__CJ _ 4jjL*JI 4_^ju_JI jL_ae_*-Vl ^ 3jj_v.jI1 _LL_Vl Cilj -_« J^l j_U 
(jryu JLi-L _jt __o_j idJ j ^-Jl 4il___>yL . Ljj^.JI Ji>u J-k. j-4__o ^pjl J_>L-_fl 
(___* j_Sj-_J ^--Jlj iCjL__L>JI SjujuJI 4_uLajj_f! Cj L jjj__^jj.l j $\ I ^___) j-_ j\ r< r *_fl 
_____vj .CjLjj__JI 0 Jl_> (j-o 4 < j <:!j__v! (j-x— us JU„\ nr,.~i ILj t Cj L jujSJ I CjLjj__» 
J^j-I JJ t^J_U_uC J-LC Cj-Jjjj-^JI djLib J---t (jj£ (j-_ JjLJI J_-l jJLl J-Aj *« I» (__-oL.ll 
, dl j _-)jJ_v- (^j. <_ rj mTiII I <j <*\ <ij 4-O.jJjjj j-i_- 4jl «vT m^Lj ^-L _____ (j_i-J 4_| (__!__ 

_jLj ,Vi.\ *r j__>L_-1 __ m*\J :(((j_j)) (___aL>JLI < n j 1 ^ j ijl^ 0 **< 1 uVI __Jt__oj (___3 
4 ( n 4.^* ^J jJ _jj£vj 1 o,v*r 4j1 ^lj____L ^-jjJLs- ^g*n -y-l (__jj_c_i . \ t _? J^jtoj t 

LjSjjj i^-JjJl! (_-J_- 4_4JJL_ 3L_W Jj_*-J -_A L^-Lo J_C Jj-Slj-JJ *4jjVl (j-4 -5j_U 

4 t j i U 1 J . Lj__-ua l ^ \a (j-4 j_j___j _5 jJ_ I tSL_>Jl Jj_>-J "c_>.j_j 4_j*_sej Lljo 
__!__ ^oi-___>.t _----J i4_-______u j—oVl (__J__ (^S-Se-J (jf ^ciJuo JfT (__-__ u.^J t JL>JI 

. jjjJLl _____ SLpJl o- 4 ^ jljL^ (jr^l Jj-->J-J! 


£jjaJI _-Lc SLp &c _jl=uJI 


<-_L_i*Jj__.1 *ULji Ufc4_U <___.*__- cpJt l j! jftlf : i*JU_Jt <-rft*_Mt StUt 

Ji-Ltjj (JjJjJl (j_2jj_J Sj_p^VI 4" .1 i »i VjL_--i «!)> (_y>sL>JLI (j^<g"'J 

J-vL 4_jl!LJ! 4 io A>Vl CjL CjLjjj_-_J! CIjIj^ C_jj__j t : Jlj-w. ^-JJ _rU_L>JLl 
4j_! ^jJl^j (j-Uj V 4j_j *L__.__ , I (j_3lj_4___L JLla j jr S^^itjjll ^j-o-JI j_*_>JI 
Jj_. ^yA cjLjjjSJI ____, cjjjj^! (_-_JI cjL_IjjJ1 __JI _>^JL>JLI Jjajj *o^l 5jujL>- 
_i__^jjj_ : ;_>. L*__j .McSween, Jr. _>j_I <jjj mCa ^jLaj Harvey _-9_)L__- l__JIj 

_>j- _}I__J-JJ «<■ i njjJI _---- _, * a j n 4_j__aL_>j lJ_j____Jj ' "J J j-u-l^ 4 t aL>. ___ 

,4j^j_JI jL*l^VI ____ jl>_jj _-oJ! ^jjLstH interpretation JjjLs _-_> *Ijj->J! 
(^jU j-__i . ALH 84001 e^-jj-JI j«-' J^_U Jj.-* u-* --^ J j^A 

_£ jJl <____j-_i_J! j__*_>J! L_-_x£ij_ L^_j_- jLL- « j <~ l_u » 4l~r a ___J 4jL_Lo ^jjj i n^aj 
(j__-_9___J _-_*J • 4j_jj-t-o 4_j_**_jj_<s 3jJ__u_> ^_X__il__' j_i_l_> ^L_l-_L JjL_aJL _, fc~M (jL_> 

(jl _)JJ l flj ___)j L_b inl t4_l}__<-jj L_l_uLejJ (J_-Jj_£ L_jL__-j! £_4 J____L__<a 

Jj i4_JJJ_<a 4_>-jJl A * J J_0___> (jrt-J £j|j_U 3jlj-_>. Ol_>-J_5 JU__ (jj-~_J ^nJ Cj L JJ j__J I 

. (c_j L$Jj_^__ 4__>.jJ ) Y * * ) 4jjJLa 4__vjJ *\Q * _____ jujj _*j 1 j— >- CjL>-jJ JL_c 
JjL_b ^l_X___-___l r i i h" 1 aj<r CjL___j oLjjj___JI j I (jjj i nK aj ^-J-j L_b £j_j__ilj 
jL_-t3-V 4_)i ni a l__o£jj Cjl j _--&J t LSLJ t M TL 4 ur 3j_ie____* ^ n*ll (jl ____ ^j^JLL 
J^_>o JjIj--« j-a *cJ5->'>^l -~--~-»j ^--Jl -iljll _y» ui-^ ut-^^ basalt cJjLJI 

JjJL (J^.^J i 4_4-i^Lll L_3j^J_Jl Cx_>iJJ ,(JJJJ__JI J I (i„*Ct (_-J-J <J-4 3j_J_A_i Cjl J o ^ 

^-iJI L_iil) 4 (j j i ui 4_jjLo bands 4j_.j___i_! 1__^_j cjLjjj_£ ^lb ^jl cL__JJI Ijla 
c__Ls: Ijjj . ALH 84001 c^j-^-JI j-«-t! ^ 3jj_>-jll cjLj£JI Uj__^J__j 

jL_v! jj_j__iJ (j__3 *((!» (___<jL>J.! J jL_tJ Lf> < 4_j_j j_L_J I dJL^J C_JJ_xJ JLi_ CjLjjj_vJ! 
«(j_j» (^-joLt-JJ 4T__jo " uitl CjVjL_>JLI (j-c (^y-bl t "(.i 1 1, .3L_>JL 4__^Lc _$! L4J _j? 
^j-CJU ^--Jl i4___Jl_>JLI juLJoJJI jljLc! 0___uL_3 JMj>- 4__*__>J! _>jub ( jix>.jJ 
L-tJLlc. C-JJ-Cj _-_JI 3jIj_jkJI 4__>.jJ (j.t < n *i<H I jj t n.j _.__ _jl ^LoJuJt j>»t 1 

(jjjJl l_]_Jj I -JLSj V L_^jf L«__* 1 1 j 1 1 11 *i 4j_c_oj t 3 j____«_-i g_5__>JI (jj .cjLjjjSJI 

*« I)) (^jjoLJLl J_lo tSji i^ a -5_?e_>- l__-UjJ ^__LcJ 

(__!__ ^_>__>-! ^-jjcj :jh 11 \t « l» (__^L>JLl Jj-Sj (j! _>^cj L__* i^L__>J! 
J_>L*jf (jl (_.-___ «(j--» (j-^LJLl j juiuj . 3L>- jj^-jj ^L__j_ f l -^_-__>J 1 jll>- _*L_uVI 
j-_-___>JI ___) 3_ij_>-jJLI (PAHs) cjL__JL>JI SjujljJI 4__jjLsjjV| Cj L j_jj__ ^j jl-l-^J \ 



o ju_ (jt _>_. j-$_-t Ja <j_J . L^pSLJl JL>J ^U__ * ALH 84001 (^jjJJI 

^--Jl CjL___->JI 3_JuJL*J1 ^jjLojj^I CjLjJj-SCjj, V j $W <j-<» -kII *JoLftjVl ____ 

5lL^>JLj L-__j! 1^J_*_u V . Jjub ^J t jA_T SLj_i__LJl JlstJJ LoJ-u_ Jjl_JL (jjCu 
jJLj--> __tjjj__- 4JL_ Lo ljj__JU , «3Lj_>JI _J^-J ^LaJ-lj-La» ^L_;_jAJ 4l <>i <U1 
»«JU"^yi Jljju ^LLm , u\ _LLi_-l JL_ _£j__ Vl Cj-M n"Of1 JL-j"i M.l <j! l_LlLc>) 
jA_Jj u rihlj c-JLUj (jj t'Ulr t£-Jj-U ___-. 4_4Jju_ 3Lljv _J^-J ^l" m ..I J>J j_*j_} 
• 4-13- jj J_LjJ I J_LC Cjlj J niil"Tl (j--£j l__ocj 4jI ____. 

?£_« *Jt| -1***1 ^m_1 « £-_Jt l>9 $_»-l j»S 

JX\ ^UjJIj *L_.__M <> J_J 4_^L__i_J1 oLlKJ! l_JQj ^jl__-_!1 c^-jJj 

_-J->"J JLq__>._ > __i_i_l__J>) Lu _j 1 t "j 1 flj*^ (j_l I 'r-> J L-l 1 1 j ]rt ) II (_j"fl >J (j-_-3fcJ_L_* 

4-^j In < t J C_jL£ l_1 Le-C J»l mV) (jl 1 * *^ *y i«JjJ_JI _)^>^Q 4_I_C_cj V»j i«3L_t_- 
(jj-_ujJu ,jJ jJI glt H Jjb tP V ) 4 j mi^I «LljO _£jLl__ V L^LoLSu LaI (t nr> <_-jJl 

(_-_IJ ^tjJI (> L__>. Oi-^-" ALH 84001 ^j-j-JI j-^-_>J1 <>* 31 5" ,„U 3J_Vl 

Jut-oj 4 T-ltnl j j-_-_ 1j-jJ jj-al .r- _ a ^j| (__L_ 4__-Ju ^i^ n ir-^j >SwCJ 4__1 4_>.j j 

SjtJjJLl _--C 3Ljv _J->-J l" i ii I 
(j_« 4jj_-4 nl-r rt 4 *m <. __J1 gUUll L_*Jj i^jL>. _-_-_-__♦ I CjLjjJ J_>- 1 (j_4 
-___jl (__JI - 4___ j-*t->! <j---J - j5 tiUrt 4 i.i i*m! (__JI Jj t(j^____>l jJLl >__ j^J_U_4 
(__JI Jj t 4j ihMI <_.( i (__JI ^LoJjJI -J-JUjJ Vj ♦ 4 mi^LlU Jjl3 ^j-lojJLL c jjU."(n<U 
(j_j (jj o Uj plj_x_>. Jjl__ jj_« ( 3_t__jJ1 (jnj ^ ^"11 J<i ~r T) __iL^_t_jj 4J_ll ^_L_u 

(^.Ji-j ,l_L_JI Oyju __iUL___)VI a JjL__ i A U" t (j_« \ ~ $ * 

jl *r -r /J ^JL-l J^-- .(j^-*»L3_-4_> J_L__1L oltll J <i tj ij->-T (j:j*i iii*. JlL«_3 tJL>. 

< i y _--9 - ^jJ__-__J 1 JLAj 1 1 ^ y jL-j jl 4-_^L__j Cii Ti ~- J__u__u 

.4__oL_>JI djLS-al (j-_ L-_L_u JljLaJJ I.Uti ,,,1 _ 4jL_U 3j_L l_j^/L_- t L_L___L 

4___l__>JI (___ l^Kl i l JL-l>. 4-«j_4_dl _JL___-VI J__lj_J L__5j oV_L>JI (_jJl>Jj 
.(jrt_)jL_JLl (_-_ j-uL L^J (j-u-J 4jj__u CjIjJu r, , njtj iL_jV_La_>S 
3l_A>. jj_>-j Jj_v SjJiLLll (__9 (jn ki j^jJI (j-j_j__!>UL 4 j^rU ( ntl 4-£i j-t-l I ____-j 
4jjI ii" a CjL>j_j CjL-L__i___J1 j_c 4JjLu_4 4_Cj^_*_a j__ < JlluSu ^jjJI __!_. <4JJl_ 
jj_ul 4_c_L _ JL>JI j-l_j_jj ♦ (___ L-_ljit_jAJ _ljLt___^1 _y» 



_»_JI iL-3j___ Jj 1 1 3jJx_>Jl L_i1jL__JI __JJ i4jj_j_>JL) <ill tll l_uL>JI (jwa - 

iJltLj . ^L_ jJ! jj -L t c-JL>. __J| L <n'i,fl 4__l__j__>j 

4jI C_j-jj 4J_Vl _)L ^ ia _£? ^j-aiJ Vj .4 u 1«JI __1, ui ^L-il (j_4 4_c j m .a LLLoj! 
(jjj j , j„C J1 (jf j^--- J^-«*ll _>*-- ---- (*^J <jr^J 4 j_>-^ (jt^- <----* -____* 

ALH (_«_ij_-uJI j__t__>J1 (j-jj * J___JL _JL_> 4 TijL tii 3Lj__- jj_>.jj qJL> * '^ 1 
*L±*JI {_y& jj-Aj *_0--' *Lp-L> _yaj . _L__u_VI |j_b ^__ jG <JjI j* j_u 84001 

iSLpJI -J_>-JJ 4 * ' n- <J_I _-ic _£j__s__> V (^-itjjJLI ^j-uJl j_ct_»JI _jf ___- -L-JjJLj 
♦ I (ijV i m LgJ-* m> (jl __Lijt 4_vjj __JJ ^_V <>> L___jll (jl (jjJ--T t_fjJ 1 fl m 

4_l_l_>jI 3j V __JJ Lj_L__ Lsl LuLj Jj__JL 1 j_ul__ (___^jJj_u ^JLc <_;I (jj__L__u 

J_ C - > - U j_ij_ (j-*_5 i(jjJL__Jl (jjo UrU^L 4_j^Ljj _^j-Jj _jrU --jljJb J-4--- --I- 4 jU <u 
L_jL-> SLpJI (j! ^Lu (j-a____ L_J_ j_4j i 1 3 jfl dLpJI ^yic 4JL 4jo}Lc (_;! JL>u (j? L»Uj 
4__uj___jj jjir 1 n oJJt _J l__u£ . l___jJ1 l_Uj ___9 Lu-StjiT ^Lwjl 0 ~- (___- 3jj&jj-_4 

_JLL__ Can j Ij . ^Uj> L_$J_-1- __l_j^___>JI J____l_j clil (__>J _)j_-_i iSedimentary 
_j-*-j (____ _^jj__>,f J_J_ ____=. _^jl>o i(j-2jVl <____ (4_JL£jj) igneous 4_jL Sj_*-__> 
4-cjJL- 3l_p- _j»-j (^ic jJ_Lo JjJj __!__ jjjjJI (jLs tL_UjJj . 3j__Ij (__!>. Vj idLpJI 
<■*« tj^J CjLjjj^ (__!__ _^jl_>oj 4__i_u _rU^-J 1 , 0 L_>j-*__ 4jjLj 3jV tn ^-9 jjjJI _____ 
(jf __£i 4_o_JL jjL__f (^--Ij} . JLq_1__V! Jjju IjJL>. Jjl_-JL _)j_L__- jhJu_J| _)_j5Lj (Jjl- 
JSj *L_J__~!I lj_b __3 (jjjj^jil c Lolt 1 1 j-i_L>. 4__alj_»j ^ta'»" i fi 3j__l_J! dJLA CjIjL-C 
. J_dl jJl (^-3 Jjl_JL l_iJL>. JL_ ((JL*__vVI Jjju» (jLi (jl Lj JjJL>_» jA _r2u_J Lj 
^_xtj (j_____i_j (j{ Luic t^jp,l (____: 4_»j J__ 3l j r_ Jj__wj JLj_j__>.! j n "Jj 

J____J! Jji mj , n tiiJjJj .(j-oj-^l (_____ 4-4jjl_JI SLpJl (_;! 4 4jLpi __ijJ_V j_L-l_>VI 
L_>j__! jj l__-cj (_-_J1 l_9jjJ_J1 Ljj SsLpJl l_iL__j l__j£> Jjjj ______! l_iL__JI (j_- _-JL_JI 

ljj1__L___ i_rjJlj_t_Jl (jJJLA Jo- (j-C ^Lwl ^_JJ Licoj L[j SdLpJl jj-4-_J Lj-*£. 
(_;f jl j_jJJ ^lr ( j o ^jK 4jjJl>JIj 4 «ijJ.atl *dLi_>Jl 4-JLo **(-~l 4-9jjl_~ (j-o !j_i__i 
LjJUj tdl_j_>Jl J__ol (j__ (Jjl-oJLj 4-£j_ju (_;_JI Jj-LuaJI jJL_JI (_-!_- J . j_>.I l-__j_> 

* jjjll ^-ic 2Ljjl_ 3Lp- jj_wj l_jVLj_-.1 (j__ 4_«ji5 insights cjIj m m 


■ 


5 


j-*j _>->jVl £jL>. SLljw jj^j <_al .V<<l fj\ 
l__L_I Cjyi ^iP^ VT -«-H J j m >Ujl^> Ijj 

- * c -^___oL__-I dj— JjL) ^ljj L_-<V_J__J *J— <" Jl 
J-J>J C_x£j_^ j-$> ^jLc 3Lj__w ->J->-J t__el i n " <l 
J>. j_3-_ ^_VL*__ SjU^ j UArJ Jjl 1 <M < u 

Lo : ,jj__xJI dLj__*JL 4 n 1 « " 4 4jj_j__>. 4_j__*______ 

(JJ-JJ ^>__>j jM £j-__>. 3Lj__>JI tjrij 4_j___J1 _;j__4 

oi Jij — ^ tj-A ^ 2li ^yi o! 

^ c^jJo 0-jL_£ <jl I q c 4jI ^ lll ___$ t * *.<" 

LL>Lxul — ___t_u1 Jlj. 4rthV ^ ^JI j_c 4^L____4 
C^l oJ-Cj _jl {j-a JuVj . 3___l_>JI 4_^jI i^i Tt..~t 

cosmic « ( __jj___i jjj» />___, 4 ^jU c_I $jI ___ 

4_i_>JI LMitU j^lLJLI J___U! _ seeding 
j jU"J I (jl 4_____j___-s-. jl _ j-_-T __!! ^JLc 
converges <__ll J_l«u L__<a I j j * < Evolution 

1 n j<1 J--4J L^J^" Mi" a jJ^-xj ^.lll ^__ 1 VJ I 

* 4-$jl ni* XI l_____lj-0 £-A 

jjl__- 3L-j__>. Ai^J- 1 __-_L-_______£l J/\ fj\ 

i3L__j__>JI oiut 4_jjIjLj C__jL_> 1^4^ *<J^J^ 

(j_U 4jjl n olt ^Ll^L) JJ-AJI _____ Ljj J J ,h L^JD^ JJ^ 


jk^ j j--v 1 1 __L— 1 (CjLj^ l\_]l 
- <( __ L_h^j^ \ * - 1 1 



jijjoJl ^lx. 5Lp ___ i*n i II 


J_->J1 j-c j t a LU j__I^j *UJ ^1*1 V a jrJLLc. ____i 31 j ->J1 JL___ t 

t__j^_J1 J jjJ I 4_*jJaj 4_^ljL_-__A (j£J_o 4_jL2_U -_-__> j fl lVi > n Lo (jL_j Mi*-) 
jL_j__I_-V t n " "■ 3L_l_>JI j j U " j 3L-_u J^_>. 1 * «t j frl_-_ja C-_l__C I jj Loj 

__-. J-*L ____" I jL_a , jV1 L«5 . 4 ^ iVi<U jj_I__>Jl JjL__-4 1 4 ' ^ j ^ <^ 

_JJo 4_-_!jju fjL_t_ j? L_Jj_fl ij-i--V S-*£j-> 3L_>J1 J^_-. ^L__"ju j-C-t7Ji 

(_-!_, Lla jj_>jJLl <__Uj j_>j _ 3l_j_>JI j-a 4__j_jtj _;jJ1 _v j jJ I j___aJJI 
. Laj 0 r 3L_>J1 ^__L_ (j j m j I (j— -«j — j L wl" m r J__> jjJJ _ _t_»j*_?l 

4*_f j2 1 oU___t (DNA) UiJt 4«*At 

J inl V <l 4__i_>jJ ^ i V " 1 n__ _TjJ1 t(J_3jVl (_____ SL_— _ (j-—— II £j-_ >JL1 j! 

long-chain 4j__L_J1 Jj>Ls HiO^ c^- ^ V *earth life «4 j ( Xj_H 3L_j_>J!>) 

,j_5j ___!! (^yjjjJI (j^jjJJI (j_— 4 >JI j _ ___ bc « «DNA» LjJI ___<» _o 

jrLjjjJ_- o-* ij- 4 *l£>^ (J-> OJ-^i -(deoxyribonucleic acid ji~- «<■ <Vl 
(j-_oljVl) JsoljjJI _ys _9*_?L (jj___jjj_4j j_wVI Jj_> L*jfcjL> ? j^__L tspirals 
. j*jjj_j>J1 j_i £___ ___J1 _jL_j)_>J1 j_* j;1jj? (jr^J ^cross-links 4__JL____JL1 

£jj j_4 t( ^ ) « JL-ijj jKjJ» _j «k t dj (J5 jJlj t4_J! «n*it,l _jL_jj_>JI j_-i J_T (jJal ^o-Tuj 
L— 1 JLljj jKjJJI L$j j_^__u _— ill 4-J1 j_U jl . _J I JL^ jjJ_j_1 ! _ys J__j_ JL>-(j j— -T 

.^1 (jjLSJI Uj l-Aj-i^ n (--I 4__ J jJ_!1 jj_>J DNA LjJI ^ 4_JL__lt1 
DNA LjJI ^ S j__U1 --U>-1L _tl___>.V1 __JI _>___ J_T ^L_=_j i( _U jJj 

. 1 fl ■ ■* ^ * ^j 1 11 m -L^L_»- ^-j— a3 L«Ju-_. l_> Lq j 1 1 1, 1 aJJb (jj_-_u jlj t4_i (j_L>J1 
(^yL. i3j_j4_____o 3j9__u l^-( 11— i ( u n (j-5— i LL^L>- jl_5 t____LuQ JLLo jL__--_*j 
. L_j-i— (____ 1 j-JJ-> J^jJ 4-1 J ■ — JJj J*-aJ 1 (j ^ jf (j-4 ^-__jJ1 

^ 4_ti_*J1 (_-i DNA LjJI -jLljj^. _ys jLa t L>L>J1 j3___ Ljju_ 

4__jjjJ.1 _-L_jj_>Jl ^ljj? _ -VT (j_« jl_>I j J_^ J_____3 __JJ Lub _;-tJjj . LjJjJ- 

(j_o 4.1 ( d1 < (i (__1 C \ 0 ( a J_> (^^__stj tjljj rtia jLi jjJ-> 4_C ^Vn Lc-« i L_JL__3 
_y. (J-xj_3 _--l J tiU" L^)V ljJ_jj . 4_C 4_3_J1 4_j_jj_>Jl 4_JL___i1 CLiLLoLlIj VI 

^-L>JI jljll (j-a jj----U 4__l_j j-jjS- SjLcI jj_ijjJ_>J1 j-4 J__ j^Loj i_j_jj->J1 

4j_-ujJLI _ljj^l j-« (jJJj n n 1,1 ^L______ r 1 4_flL__L t 4_J_>J! J-_wL 4_j___l__J1 

,-uLcjJI -_u- ___j *(j- (j-jjjJL- backbone ^j__ jj__- __J1 4_L___yL i 1_lJl__j 


SUaJI Jj*'l 



^LulOliU* 


jKut }\ j-o JjI — j-jj — >■ Jj* jLj j<_L> jjJLjl» jrujjJb* <jJLc DNA LjjJI JjI Ljj — *■ j-4 J£ J*v ni "j 

J^LLaJ I JsLljjI Jj*( j-»5 .CjIjuj^JS^IILj 51 ^nll JjLLj^JI {yt £jj «LiWLwjj jL^auj^jj i~'t A Mtj 
V U^uj i(T) ijrUi^tlJLj VI (A) oyj^ juj j jK j ^I JjJJaj V ^1.^ Sj^oj >>-VLj Uajl».! strands 
UjJI tiSjj» fi m ?nj ^replication j-uJLUI <t jU r J^L>j .(C) Jjjj" j mTL VI (G) jrutj^Jl <jj ~ ?jj 
4 j mhlt JjU_jj_>J1 daughter strand «<l_*JL 4jslL»» j-j>£) «u-alls j-a JS , t > - j ^ ;LJjI_ DNA 
DNA LjaJl LLjJ-j*. j; tu "j i jrj^LUJI j_4 J£J — « jaljuJli, ; <u " - > . < mjj .4-J3J1 J-».l_ 

.parent molecule « alljll «^j-^JU « jLuVl» 


gjjaJI _JLc 5U-> ^>C 11 


1 j i 1L___ a U 1 1 ^yi J£ ; , j t replication jl-IlJL 31 o <nt,l 

1jJ__ _>£Jj i4__oL___U _]^"- i * -jt i LisLcj ^jl_J1 4_Ljj__. JlLo Ijljjl^. 1£jj__. 

_T}_J J<-Jj-J _)! 4 ojI m.TI 4___>l jJI -_* j-iUoJ — 4 *_;j — >J _M _>-L<jj _" 4j! __!} 

(-Lu 3_iL_-1 4_J_<i___ - ' "<"j . 4__™_j_jfc--__» 3jj_t-_=_j i^cjJ___Jlj _UJl>J| t _jiJjj__>JI 
(J- 4 ^liM OrJ--*- 3jLcJ 4 K <u _,<! C f ^j^t V I* J l 4_J1 irt"U t_J_j_>L_jjj_^l 

dJL>j u ii olll l.y ^no idjj-oill <-Jj1j->J1 _>x 3j_u£ jljLcl _£J _>_ <-Jj 1j_*J1 

4_-*--J _;jJI l-jjj_>J1 -_jq (jjl U"ij <-jj1j_>JI tlnn^ 1 JL>.I^ L_.jj (jl ji t Mt" t <t _* 
_>-_- J-Luj . 4_ 1 j_->J \ _-- 3jj_>.j-U _l_i _;! 1 <j t o J^IjLLj V 1 0 n i idjLj ____ 
_Jj_<_u L_Jl_L_b _>-Lj ^J (j— - iDNA LjJI ^j-o ^jL-ul tn" a _)_j_ij->. < n ntl 4_jJU-C 
jjLS_b (((jrLo^l _n__jJ__>J!)> _>J-JL-> (j-A J-J (j-_4JJ i J_l_-3 (j-4 JL-s-lj t^j— >■ 

L-l>o i LT -*JI (jjL-CJI oLJJo_(JL L-SJaj l_1j__-j 3j__ __l jl 0 tll djub jj___L_j i-oj-_Lcj 

. Jj___l (j-4 SjljJL>> J___J 4j__ ^__U 

inn j_2jj i4_}_£ 4_i_-JI 4Lj__>J1 l_uL_>j ___ DNA LjJI ___Lij_>. ^-L-*_JJ 

LljJI L_L_jj_>. J_J_J_>L_J _ J.Xtj ._y_wjJj J I tl JJ___J1 4 J U f (j_4 L_J__J1 4jj_Lc_i 

__tj 4__L__>VL S^j.*-. l__j__j ^oj--j 0-4 *3j j. j< 4_>.jj ^jjl iLli 4L__aL>JI DNA 
SjLjjia (j__Jt__ JSJ DNA LjJI djLLj^ ^jj . LiL__ \ (jj<j m ^-Ul 4^__*_JI 

Jjja ^J_*_u_u Lc_* t4 4 ts> Jl J_-4 3jJL3__ 3jjj__j I ^jlr L_3jJtlII (j-wSJ iL^_.jJ 

(j_« t * * 1 jj ^j__>JLl liIj3 l_L_ ,4LjjLl>JI ^j_*__]1 JL4-C.I (__3 _jL_4-j-__J1 
(u____ _JLl_ (jj 4jj-4j L^Ln. ^jjS- L- 3jL_) LaL5L>. jJ dL^Lv 
4JU_J1 (j-4 U_i_U JLLL>.L _ Ijjjl_*j o? DNA LjJI ^lj^iJ (j-Uj i4^<uj_>J1 
L_jLL__4 LMJLJI tfj__ ___ jj^-jJU DNA LjJI 1_1 U _ 41aL>_ ^jSUj <-<j--j 
LL____l (j-4 jjlc J_- jlsj . 4_cj_c (j-4 ^jjU L>L>. _y_ J53-JJLI DNA LjJI j-4 

.4__JJ 4jj___ JJlLj _y_J 1 4_u_lJI dJL— J-—U _5j__— J l 4_uL—>J I 

^ *i - 3j_j_i__> oIj-jJu _jjl>_ (jt ^j-L-aj iDNA LjJI ^ 1 n n 4_jJU__ J^L>- 

J j ■ ■ " cr- 2 -) 4_j_wjL>- cJj_jjL-J 4L-?r jj 4-ulj <n r Sjj i^>; ,-1j__ ;L_1 j__L_JI 

.(4^L_JI 4^1_uuj-J1 jljll (j__xj j! ^L*__yi J_L__i! 0 ___«_.l J__u tJLLU 
_>__ 4L_Lj___> 3jj-__j 4Jj_'1 oL_jj_>J1 Jl— - ! l__1__j _)! (___ 3j____J1 4 -c j "1 j 


5U=dl J^i 


3jLi__> Lajj 3^jJ_j9 j j ^ LaJ jjSu ^Lij _-J! CjIj ntMl < .1 r I (j£ jjjj .ojJtj 
^ cdJjJj t^LS__Jlj 3L>J! ju^ *UJJ L£Vjb__« J}L> <__->Jl <j-.L_JL 
<j__. 4_»->.LjM cjIjj ^j^tj jL_ < JL> ^f < J3 J-__j . 4__wL-Jt j-* L-uj___» n "_>_j 

4 ni <____ 4jJu1j3 C_u_u ^Ll^I ^.^^ Jj__- __J! ^^Jl (jJ--JI 4-3. jj CjI j--___Jt 

JLajjl j-£-4J jl _Lj____jj t 4jL>Jl (jjjj ^j . jjKiHj 3L_>JI jlj_- _..-__ *LL±1J 

J*->-* (___-JI 4_j_»J| l_jL_j__J! ^jIj jt ,j_L<u t < __Jj ( rtli.il! _>a Sj-ikJI 

L__l jj! £_uj jl 4jL$J1 ^ L^iSUjJ <4_J->JJ 4-3- LuJ! _----- 2jUj r *i T1 tSj rtUtl 

, 4_j_>Jl CjLuL-J! (j-a 3 JuJuw 
_j-___L_jJI u 't*<i} i^jjLS__JI j-LeJjl ^.JLc ( j-___L_J! ^lr jjJUll! 4 jl » r jl-jj-*jj- 
jjuj j-3 L_-" t<__li>_l! 4_l>J| ^!jjVl _>j <j-*Jj t4_i >J! ^Ijj^I jl_wI j!j_e! j.* <o 
ji_&l J---JJ1 ciili 4j_>J! ___L__i__Jl ops ^ <>J •_^J^ 1 J^ 

-ilj-9! j-A l-4_! j_»J l_jL___->. (^-lc liij->> 1 _; m A*i ^j-C j-j-uljJI __j- j-^J L jj-ai Ljlc 

((J-uJ-Ll-JI (JjT < ui **( ^l (j-o Jjl jj_> jjJ^ j-b^ jl £ »4 — i ti n \ (^r>^\ £_J"*^ 

4_j_>. ^Jjul ^j--i-J __JJ ^Jjj jl (j->-*j *(cj!j <iUU 4 -r j*m) ^jJlJI _-JI 4-_9L__>VL 
L__)jjt_i_i JjIjSuj lj!j--> UJJ^ J Llilj jl 4-3ti__» C-jujJI j-o ij*jjJI La I . 3jU J_>- 

Cjj Jl>. 4_t_u_> L__ul jjJ3.jJj.uJl 

ft_M*J9 *ri_*_S (g^MiW? 

4-jJIj" a j-c 4___Jj__>JI ^lj_>.^l jjl_>J ,DNA LjJI oL__uj_->. _>a JfT (Ja 

Cj_-_jj-_>JI jja 4 * j t. a ^lju I ^ *.<_-» 4 j j^ I j jll <r>*> 4 U njJH CjIjl-jjj jl^j-lJ! 
* 4___-_L__»jJ (jr-JI (j-J--JI 4u jLj 4___bjJ__ ____! IjJJ-jo IjJ-i c_^jlJj ^-uJ! *4-_j_tjjjj__jJI 

t (_dJjJj •_jr}->J! (J±*-* ^-Jjjjjj ^LiO^ JT^-! 4-_bjJ_> jJusj ^.jJI 4_Jlj__ll __ o . (.*> 

^ ^juLU DNA LjJI cjLLj3. ^ LJL__ 4U iljll ^ljjVl ^.«p. l_*jjjj jl_e 
JaLSJI ^ aUII (^l '.^--^Jl ojL-Lt! (j__>L->JI genome ^j__j___>JI JlxL t L-o 

c__u__* ^__L>u (_-jJ! 4_-_____J! JJ-J t((3L_>J1 l-jLl_>» j_j__i_>J! (^ <*i^Lj . 4-jL.j >> ^j o_>t! 

* jj-_-u (_-_>. (jji^ j_r Jj3jvj j-4-u 

(j_U-L-Jl j^J^L) JjlJ. 4 » A i U U CJJJJO JjLA «3Lu>J1 L_jLjJi)) < rtjt-J J>-l (j-dj 

4jMj (j-« 1 4jh u_3 j__>. JfC (jj<Tu (___Jl t genetic code (4„j n>Jl) 4_jjIjjJI 5j_____J1 

1 ino% JJlshj (_j-Jlj J j Jl i^>"i 4J_aj|j___fl DNA LjJl ^ 4-___l t" a CjIjujj jKjj 


£j jaJI _-!_: Sl_e> *nill 


. 4_i_t_oj^/l _>Ll>JI i j^i^" < L^-Lo Y * ^^y 5 ^jj-*- 4 4_Cj^3e_« 4 mii ( T ) ___.! 
J_uljjJI 0 * * ^_JI \ * * qa 1 \ l « (jrGj^J t inj 4 — jJU — C i t\V\ "nj 


L-<-j^->. (jp3 iL-lJjuj . 4_uljjJi 3j <i miH ^\<? l__-j_>- 4jL* ^j-o __jjj_L Lc i4-JLua_Jll 
«Ja_>JI)> (jj-!-- <-3j— **» (J-i (_-_3 1-4--« Lkj-stJ j! 4jL* JL>jj (^--Jl 1 4_jj I j jJ I 3j n mJI 

_-->JI _>j-__JI J-c—'v ^ys 4_LqI£JI 4__,j o >JLI < . "rCj ic_jLLi__>J-j 1 a j o m» \ ^-Ul 

Ojn r Juuo «LljIjjJI 3j______JI ^ ^ (__J1 ( jj_l_wjJj_ljJ| Jx_»jj . 4_) j^oL^JI j-jJu_>J1 

,4_i_>JI oLuLSJI qj* 4 rtli^JLl £lj_.SM t>c j.mCU «3L_L_>JI __»L_ST)) -*1jJa IjIjuj 
4jjL__-_-jQ jaj iHuman Genome Project «_gj . n > tl ^jn-^tl £jj-_AU j-^j-^jj 
1J- 4 <itll J^L>- J^T-\j (j\ ij Mt j T 1 < rtinj |» j m I J-<-L_£ 3*:! j__-J 

.( r ) 4_4jL__JI a____jVt 


u 

UUU i 

u uuc' 

UUA \ 

uuc ' 

CUA 

cuc 

c CUA 
CUC 

AUU l 
A AUC 
AUA J 
AUC 

GUU 

C CUC 
CUA 

CUG 


ucu 
ucc 

UCA 
UCC 


1 ^ 1 

l CCC l 

J J 

' CCC 


ACU 
ACC 
ACA 
ACC 


l ccc l 

J J 

' CCG ' 


U, C K ot C 


A 

G 

UAU i 
UAC ' 
UAA 
UAG 

ucu 
ucc 

UCA 

UCC 

CAU > 
CAC ' 
CAA x 
CAC ' 

ccu 
ccc 

CCA 

CCG 

AAU l 
AAC ' 
AAA i 
AAC ' 

AGU 
ACC 
ACA 
AGG 

CAU . 
CAC ' 
GAA , 
GAC ' 

GGU 
CCC 
GGA 
CCC 


u 
c 

A 

G 

U 

c 

A 

G 

U 
C 
A 
C 

u 
c 

A 

C 


jf iHjJLji LJi-j. a\ i.L*rt «i-v J_L>-t Ljl-L^^-L-^j -__ **>"_} J_4 Aj3\$Zu* JS Ji A ?t rt^ ii-^jIj^JI Sj-_i__JI» 

RNA LjjJI _j__oj_j-J J_L__J( lo__ l-^-Ji < j ___UI ij i\ nA\ j >-_3j ■<< mjli -l,lL>_ > . -t-Jij-L« _^L_J «_u 
__JJ JLSL» _j_« -UjIj^JI 3jJi__JI I <j j-Lc (^j_--»o _-_Ut -jL-^Jbdl J-*_>-j _--Ji i(_--ojJI ^j^JJI _>__*->JI) 
' 3' ■■ -^** -L_jjJt_Jlj (U (--j-kJb 4-JI J^>j) Jj-wIj^jJ I _jLuj_>Jt aJj» -Lojijtjj ;4_»_-JI b^>_>J I J-3-1- j->>i 

.(thymine) L>S*^-J* DNA L--JI tj^LJ- L^j ^-__h_---j ^-Ut 


3Lh>JI <jj-_-j ^Wj^SLJt! j : ^ 4__-L_$Ji (0 SjL^J! jL_*__uiVl ^ 
-Ll£j£ j^J_ ^yk. 4u>J1 -__5jJ_>_U j~u^J ^^KJi ^3^>JLl ^-Aj - 4j-_ojV| 

J_> (j_J 4 trtjl Ml i\\ - S J ^lt ijjj Ijl^ ^JjOjJj . 3L_L_>J| ^j_3 (________( I _L_>lj tUt 4J 

<j} ^LoJbJl Jj-2j 1 . 4_La LjjJa jl (j^jVl U i m jj-- 3l_i_>Ji oj___ 

Jl____<1 ^.j (jl ojJju ^__. iSLpJt Jya J->Jj <U <\\ _-___. (_g j ^j-5jVl 

J-Vt _£j lfl mrtt LuU j<1! 0}LcL__l fM j_l Ju___ tj->jVl _____ _LpJ| 

O-Ujjw (__A _yaJl iJLHl Jj ' < <i _____ i— jLLjJJj-JI _>/» J-J .0_uj_*Jl ^J-A n\ 

(j_a V * ^j-a (jj— _J t 4_j_*Jl *_jL_1_J1 J_i_ ,j-<s ^__/!j JjU— J __!__ V*km1 3,Ut a 

_-JLj . amino acids 4-j_UxVl _>_>L_>.Vl ^-Aj i4_Uls_4 4Uj<«jj 3j. j * , ^ c_1_ujjv 

J*_JLj J->«jj _--JI tSjM «Vl (jIaL_>.Vl ___'T J-^-jj (j! _>__-U _ya 4j1 (jj<s jJl 
L^Juo T * 1 V"j ( n1 j^MTtj <Lj-__>jVl _*L_>J! _Jjj-__u JL__ t4_il «y+.U _jjL-__J1 ___ 
_;1 ____ J-VJJ ^pJl oLuJJj-JI _1j-f J_ <___ i _______« jJuJ! IJu_> Juju Vj (J__L_ 

4 jm aVl (J_dL-_v_M _jLjjj_>. (ji-j (__5L_-Lo_J1 (jl Liig _-J<-*J 1 j_bj lA — 

gj-uu __J! 4 j i tt 1 1 Li 4jjjr- 4 j __> I _jl!i (jj-— i cj' S - *- ^ 

j_c-"< O (j_>jVl _____ SL_>J1 JL__i ! j£> (jLa ,.n rJLi j-vo^/1 3— f \ J 1 A > 
oll_L-uj_l L_4_> V 1U" ^hJI 4^jjJ_J1 Jj i^L-j (jl .DNA LjlJI cjLj_^_>. 

4__u_J1 (j-SJ iSLj__>Jl ^j»* j-_>- Tj J__u _ju J^j___j i(jjjJ_>Jl Jj \n ) 4—jJl i^t *«t,1 

Lj-l7— V.,) ^Jl (j__J_>Jl (j-C-- * 4_i-L_>J , _ , | 3L_>J1 JJ-L _3 ^_J-Q_>- (jyi-- (J_L__UJ «LlluLj^I 

1 g i <i ti^ oL-Jjj^-sJ! jJil (jj-o i(jrJ_j_fl (jj e\ r (j-L- (j "J (_--lJI ! j j <t jJ J--> j-£- 

j-__>j-j _;j___- _*! oLjjj >J1 {ja \ $ <n — oj ^t^j _*1 (jl l ci__> t(jjjjjJL>. l>-~ > 

j_j_4_>. _jj_7_jjj . j_>- , _ r Lj (j_-jjj-L>J! (j_« J__-j (j-jJ! 4_JLl___iJL1 o__>LjjV1 

j-lj *~\ 1 ^ « nrt i 4_jj1jjJ1 3j-_u__J1 ^J_^*J__jj i4J_jL_Lo 4jJ 4 j tnj _^1 SL_>J1 jj__o 

JjL_J1 (jl .dialect 4t-^M1 jl accent Sj-lIJI ^ j^j Jjj * L^jL^.jIo express 
i L_^jj-_L_c_j ^-Ul 4__uijjJi 3j a Mitlj DNA LjjJJ planetary oneness __j <jSJI 

(jt 1 (j\r idJL_-.jJ| dj_A ^_^__Jj , 4 j < _aj _/1 3L_>JI 3j__-j (j__ 4_-L__u_u CjJl_*_jj 
4_4,.\ V*< <<iU 4JJJI oJJt Cjjj_L t rtj^j t(j_>j_M ^ lr, 3L_>J! _ ji ( nj^ _iJL__j 
j_j___j i2L_i->JI (j_A 4_j_t— 5j I V LLdLcjI J-_>u (^____— j ,c__ _j_~JI d__>.j! jt^j ^ >, (__- 

4_j_-_5jVl 3L_>J! Jl£C__J j_j__l __e ( jljjl_*__J1 1 jl^j 4.£U"U oL_*_-j_J_JI j-j_^_>- 

. l^jlr, jj-*J1 1 ? <*v <ij _---1 


?<*J-' i»S» *« «*J-- AWI W 

. 1 <i4 tjlaj n tJl t Q * j ^ ^ J i *r>j V I 3l_j_>J! Jj___4 _J ^ya 

^___*_u _->Jl <jJ-_JI <— >LLl>- (jJ jL-ucLj . L-.jjl_uj j^Jtl L^jj___ 1 j n ^ _| _j| 
gJaljJI jl _ 4j j - t _< ^ a 4_^jj_j CjIj-_lj_ (jj_-J fj\ _ya Ju"}__ <4_j iVi ^ya 
4_>-jI (jj_j_>.jj j_i_jJI (j uj nj mtl ! J_$Jj «4j1 j j ■>. ___ C j Ij j t * i _ 4_juo jj__i_x 

Jg tjj , Lypl jj C j|_J!j__a ij\J 4jL____JI jriT <*n <t_t_>J! CjLuI_JI (j-u 4jL__JI 
4_l_J! l-uj_3 Lu)->. UJ >^f!rnj Jj *4jI_ DNA LjjJI 3jL_ (jjju_-*-_J *_* ^_$_ i_JJj 
.(°) (cr^>JI c/J^- 1 ' _>-_-*Jl) RNA U jJI __CJU 4j 

j_t__j iDNA UjJI (j-4 3jj A i o UL_uJ_> 4___j Jl tRNA UjJI c.L-jj>- ^ j__ 
j-L__ ___ j_-c ______ j DNA UjlJI __LLj)__>. ___ 4jj, «->JJ *L_uljjJI _j__«ji_ll 

(mRNA JL__jJ1 UjJI jaj) RNA UjJI^IjM j— >J J-*~^j .cj__jjjj__J! 

£Jjj_1 1 o m i— jLLjjJj__JI I fl j *^ ^ * <rn (jyjJl JJ-ljJLl (_-JJ 4__jj!jjJI CjLoj UU 

(ribosomal RNA ^1__ijjJ1 UjJIj transfer RNA JSLUI LjJI) eij^->-Vl 

cjUjUI RNA UjJI ^lj_f ^J lj--UJ .(jOjj-JI _jL_u)_>. jJjud (___ JlcL-U 

master copy «4-J-__»l 4_V , ,.')» j__jj U-« * DNA UjJI cjLjjj_>. <___} 3lj__>JLl 

(j___™_3 ((j^-j-i-S/l (jjJL__JI JjL>j .__>JI (j-jL_JU 4__oL>Jl CjLloJI CjLjJIjj_4 

cjL_L_JI (> 4__ail_iUI _lj-Vl __Vl (> RNA UjJI cjL_jj-_>. oj_j_^jJj_j_JI 

4JUL5JI 4_Jlj_UI (Jl ^jijT-H J-i 3^1 j_3 (___ lj_*_*- tCi^UJt o*3JU (_-flJ ♦ 4_i_>J! 

<Cr >J! ^jjJl IjL^j (jLauJ Lo J-i JJL>u (J--JI CjLu_*_L! 
\ *j-^ C____>j 4_l_>JI CjL-jL-JI (j_4 (jFj__li_« (jy_jj (jo ^jLoll J>-l (j^»j 
43L ljjJLLj Ujjjj (j—Jl 1 1 o^*>l 'J> J}Jj--J! (jj-i>-jJj-tJI (j i) j nj 4 4_L___4 3jjju_j 

cj_I ,4_t__>JI cjLuLSJI (j_4 e>-_.jj jyi evolutionary distance 4-jjjI__JI 

CjjJlsw ^-Jl t (jA_tj__iJLl (jjJL__ll J5L>- CjJj_>- ! (___JI 4jjj__JI CjL-L-JLI oLujLj3 

3jj_J! i>j__ CjI Ju . Lj__ojV| 3Lt_>JI 1_4_j CjL__ (^lll 4_j_L_JJ 1 i o ^ 4 __£ 3jjj 
(jj» 3juj_c cjIj-U- (j-*j--> jJl ^j-LJI 4_*_^l_>. ^ Woese jjj JjL_> cj____jLj 
4j_4J! ^ j-LL_!j t 4 rth ^ll 4_l->JI c_L_i__JI (> RNA UjJI 4___JjjJ 4jLl_- 

/ ^ . * a 4, J--'ijJjJi 4jIj <n yt jjj j___j . SL_>JI ^ j-_J 4_l_lj_J 5jljL_JI 4jjjJ1 
(____ ij-t-ulj Jj J 1j-^i --->- ^J L-^-cSJ i(jjj n< <TI (jj__J1 (j-4 CjI jijt 1 m\\ 
,4jjjJ--JI L>jJj-uJI ^L*L_ ^jaj i(j*_M (__-_>- Jjo_s j_t_, 4j1 pLj 


U^>J <J^aJ^\ *LpJi Jj-u_ J_* tjjdLnj (jj-CKjlj-jJI <j\£ iJJJ CjL*jJ Juii 

CjLuIju . eukaryotes Sljill cjL_iL__j___>. j prokaryotes Sljitl cjLjjIjlj 'uyh\ 
L>vL_>. <jj4 (4_^Lj_JL «SljjJI 4_*_JL)) prokaryote (_*_!>. _M jj____il ^-jaj) SljJJI 

4_0_>Jl (j-4 JJL_*-jG £J_V J->-JJ V m£| i I JL_j_v 3jJL_— _fl 3ljj i— (Jj j *i ->■** V 3j__J->.J 

jLa aAl j 0 r_CtJI J__j . a_LL>JL 4___>L>J1 DNA LjJI cj\Juj^j J_L__l^>U 

tL5L>JI 3juJ__ j5 4_i_>J| 3jU__j ^jj_j J__ («3jLj_>J1 dljlll)) ^j) 3lj-II CjL^-JL*. 
4__l__l 4 _-___ L4L4 J£ ^gj 1 Vj jj : | J_4_v 3jJL___4 ^Ujjt <*1 1" <Tt L-L^Li- gj » -v (j_J 

<n-TJI 1_u. j-ljjj .4-tL>JL <j_*L>JI DNA LjJI J»j1-j membrane *L__-j 3jjj_*_4 
L$i« IjJt- 4JL> J£ _-_* j__->_ <jfj il^ (j_*L>J1 DNA LjJI j£j_ 3lj_JI c_L_L_>J 

4_>L___ , Lj .3jj4 u_J! (_!1 Cj1j_~) J-^Lu Jj&\ 3jL_ iSlj-JI — jLjIjl» Jj__ 3 Lyo j j*K i JJ-5 
^j_w| ^-L (__lc L__4j 31 jlll 4 jn jrt^. L*>L>J1 J____i 1 1 JU>. 3jJ_*j4 4jjj! Jj_*J <_-!) 

l_uL_>j _pj_ _--JI «(«3jj»>r>lt *L__c._ t 1») organelles oLa_uJ1 ^ 4 < n*i Jjlj>. 3jjl__« 

^— _— ) 1 <wjj i3ljJJ1 C jLuIju Ci>j Lj j*i£ jtt ^j <; ^jJoj . 4.jL>Jl J>Jj 4___— a— «_—4 

slime _;jjJ-l l>-j-Ij *fungi c_Ijj____JIj 4CjLL_J1j t cjL1j-j_>J1 iSljJI CjL_a_Ll___- 
jji L__jI _>___ LjLlLcLj ♦4uL>J1 3_l_i_-j 4-j_*J1 cjLuISJI ^j-a Ij-»-j-£ Ijjlcj *mold 

<L_>JI _jLM5v.1I £ } 4jj fl 1 ti\ i < mij t 1 ^lml j jV> 1 njl*^ i3lj_!1 — jLt_u_L>> 
jjj-A LjwjJj-uil 4jJU^q_11 4 j.< dljjJi CjIjj_IL1 ^cj La 3jL_j . Lj*L>Jl dJLjJL_. dJL_tII 
I n t (jjj mi C (_J1 J__j LttJj Ljo1_4— l — I jmn Vtj tBljjJI — jL-uI JL) __ Ij c j^lj— Jl 
<Uo*ftl - dljjLtl _ jLul Jb (j_jO ^— — J - Lj— u-LJI CJ—3 JL_— i_il j ^sj . 3lj_JI CjLi_u__>J 

.4L_ (jAJjL> 4jMj (JjO JJ-iV L>L>j LbjJ_5j 4-U_»j_*l SLpJl JuL_J1 

C jL_Ll_>> (jj« 1j-JjS * J_u_j1 L_>jLu— ;L idlj— II C jLulju ^jl 4 ojl < nll 3j___I1 ^jj 
(j— >jL L_j i_JLtj ^l 4_3L__yLj . jj (j l^tl (-13 J). 1 1 11 _f t cL>L£ L^jf (j^a JuV tSljJJI 
JuJuJI Ju dljJJt CjLuIju CjjjJoj SljJJI CjL_j__- q\ L4L4J 4_ujL__ 4jjJ__ 
^-L-J .dljlll 4 j rtj 3 - dJL>.lj 4_iL>- 3lj_I1 CjLuIju (jjo 4__1j>JL1 ^ljJ-M (jjo 
(jya C_]Lj (__ _L__5 £jj JJ->-J jjj JjL-* j 0 Ul i^-l"*u 1 ii-^l lj_b J__w »j nil'^ tJL>. 
(_Aj _ Ljj_j__LJI (j.c <>> 4— i L__ U 4_j_>JI CjLLjlSJI ^__ju (jl jjj J__>.*- r . 3L_j_>Jl 

LjJI 1 jJ& i ,1"A_j RNA Lj lMWi - prototypical 4j_>. jj_uJ1 31 jJJt CjLjI ju 

(jj, V Juj , 3lj_J1 CjLojIjlj (j<i i>> < fl'tiA\ (jl 1 ^ m ^jSLcJ 4_>jj ^.JJ ^j-piLJI 
3i j->J1 J0L4JI (jj4 C-JL ili ni^ < h 'ttrn (jl 4— j_>JI CjLuL— _ 11 cJu^ Jj^ "< 



.(«3 nj"*J1 Ljj^CJl» j?) Archaebacteria _^L___J1 ^____l jjj 4_J__, 3 lU i , .^ jSH 
L-$J_L<.j . Lj n<A\ _ajj L^m _>_-_J1 l_-__*_jJ Archaea l-jL^j^L <jVI w ~ ..." 

4__L_J_-i »<t t4al_v Jfs _____ 3jll>- 3_iJL2t_4 31jj _jLj_jV| t J ll"_i'. <3lj_J1 __jL_u1ju JiU 

RNA LijJI oL_-J1j_jxj jU"n 1 o j ^ 4j < nL--l 3jj_____j — 3lj_J1 _jLu1j_ ^jjc LaLu 
superkingdom «L__ 4___L-~)) 4_uj-a _-J! U*J3j __^jl__l 5-_vjJ _-JI -L4L-» J_* 

.SLpJI J_L_it _ya 3_J_*__* 4__1Lj 
L$J___a i4_L_i__>j_t 3L_>Jl (j I ^l" i" ( nl __JI ^_o. jJ jj-Ji <- <lr Lj jjj __L__jI < 
_>j_Lj-_- 4j>_j __J1 ^m. t ( V ) j ^ j ^ Jl_^_C <___ 4*jJL_JI 0) JLjJI _.}L J_La 

_jL__iL-_Jtl oL-_uL_l_s cjjj! .SljJJI __-! j <? _ 3 -yj < Lj-j "^jJIj iCji-_uSj.fi : domains 
ij\ : L )iiAj.,o ^l 1 (" 1 »1 __J1 J____>jJJI __JI t4j^L_jJI _u^L11 _ ju_> __J1*_-j <j_j 4jjj____JI 

3 Lj_l__S_JI _)_-> L$jj__ 4__-.jJ ^ju_aj_i J_.l ,___ .__LSj_l fjji 4_iJj__5 3lj_J1 _jLJL_2__- 

Jjllaj _)--* er-*- c.jjI__j _jj£_j <ji _>_. julJI J_? 3, \ i *) L$jj_b ^cjJI (jji^-i 
}L___I J_3 -M __J__. 31 jjjl __l j 3 t 3 >J _jl__ iSljJJI l__iL__u1 ju ^____l _^L__I1 ___ 4 jlr 

L-bL-u 3lj_JI oLulju _ Lj^U-NjJI _jl ~_>-jJ.I _>_-) jJlu i 4__i_l___>J I __J_) j .4_____aj ^ *v 

Archaea-eukaryote 31 ^JI oL_Ll_-> - _jL£jV1 4J }____, _j_a £j-_a L_^_f "< j .,>, _ 
( A ) 4_c_>_- iSljJJI 4j 3 j3>. L^L>Jl i-Ac \ _____ L_jL__-__L*Ji jj__vj _jLf> Ujj Jineage 

J_— |j 3lj_l_>JLl 4_uljjJl L_jLaj-Lt.il _j jlj___u < nj^ Ij-cIaj __JL>- _ru__v.jjj \ Jl <"<jl >^ 
<__-u*-jaJ Lcjj i3lj_Jl oLl___l3__- __Jj! JJ-4J0 ( j_-s _^_I__J1 _^J^Li JUu * 4_j_>JI LiL_>JI 

Slj-JI uL_L___- Jj_ol _>£J i3lj_JI 4__u1jlj L^>Li- J_t__JL 3lj_J! 4__t__3__L_i->. L^L>J1 

. Ljj_jj___jJ1 jj4-_3 l____j __J1 _>>3jJI _^-C _-J- LjjLlo J_3 _/1 _-____. _JJ___X__u 
4j_* j_j Jj 'Cjj _-J- ^ j - ij - > Jl LuL-tjl ■ V _ _ -a _U_. I t \ ^L__JI ( iij <^> ____. 

_>_. i_gj Ml Jl ^ JM > J1 J-«L__S 4J_-JJ___- ^_J-UJ __JJ L-SJL_^J 4 0 */ <1 _--_bj t J-_jA-JjL_C) 

3jjSlil 4 o. t ,J _-__- ^__>j i_jL_jVl jl_>.i ^>Ll->J 4JLol£J1 sequencing 4_1_J1_J1 
.«-- . _AjL_____u>l _>5Uj ^l i Methanococcus jannaschii 4_^LL_>J1 4_-uL!lI1 

jjjJI _ys */V j_3tj j_aj iLL_> WTA ______ 4jMiLL>J1 4_uL_u_l1 3jj_m ^j_Ll>. _; >L*u 

_ys j-j-->1 ^L-Jlj *_! (Li> WTA _jdj _y_j .(_gj mi jll ^j_L_>J1 ____ <5-ij^>-j jJ-UI (_-J-~I1 

_jLL_>J1 j (jln"j <• 3lj_JI uL_Li_i_- jl 31 j_Ji CjLijI JU ___ j__>-T _A>- _5 1 L ^Juo <_-_Jl 
_-Jj L_jj__lf ^ 'n v 4__j__L J_t__JL l__JjJ 4 j miLL->JI 4-ul *f jtl 3jj__ll _)l 4_t__oJU1 

.31 j_J1 CjLuIju __J1 4Jua 3l j_Jl _jLiu__- 



cj\i7ti rt^iLj^^^.rtjtCjL^jyi tSLu^yytgUjjj ^M-Ji ^jLAi^hjU^-.ti ^jjt i___> j ju. 

1 3* j i ^jj jU" T t GLaL-J.I w UjU^-".Tt jttJ-ujJl ^is iL_J__»_tl dj ^TI CjLLjLSJI j^ __LflL__J.1 J__*jj .SIjJJI 
, iUt j'tU^V 2 j ^tl.-I^.Ktt aia^RNA LjjJtjDNA LjjlJI jro -ljI .,7. Tlt 4-j>>ji ^jJa cLu 
£-Jaj ^.JLc l,^o ■- -U^_> ^yjJI A-ukJI ujL-j-SJI t Lj^ jJ I __3 ^JujJLoj jj--d -j_>i-J1 -jl_cj_4<bj_4 
(ij-uoj jL»jj>j j_4 j_VLi) (*) 3)j>i__JI jrL*J J____l Jnn^ J-L__j .--iLjj-SLJI 

(«-3-_*_cj ^-L-JLjJI 4t m\\ 4 oUia) Jl_-jJI ^jU II -U j_a i"<fi^> ^c-ul j->J1 »1 o ,.,T __J__I (*) 

ijJLc tLo ^_>.j_JU J__} j-c (jp.Mil ^-JaLJI j t (jL_J 2Lp__.a) juj_>JI 5ji ■iji^.ll _L-lL_JIj <UaL_JI .->t'»IU. -l;l 
.SjLi^l ___,jJ I jJ tur J^Vl ^IU.^U ^h^UIj ^CjJI Jj___Vl 



Jj-a \ ^l"(4yJa 5 L_ j__ cjj_5_j <jl ILj__LL_>J1 4jjl*< jtl 3 j>j>-*II ^jl^J ^j-L^ <L_j£ 

4__j__II 3j1j__>J1 __L____Jl «.—^ . j j_n iCji j_-_j_ 1 ^j^o j j____ji 

4___L_ull 3j| j__>J1 cjL_>.j_ c_->- 4_-i >. ol__L_? ihyperthermophiles 
vents 4_uj_u! cj!j_=_j3 c_jj_3 _-Jj 4 j miIjL>J1 ^L__JLl 3jj<_U _>_^«- .^L__jV1 

«"ilh _— 'IjH» or^J i«^L__j-JI (j-wljjt» u o mo j 4_Lx_jJI jL_jJI £_i _-_> Jl_w jj 
i \ \A\ ^Lc ^^Aj * _gj- im jjl *L_*__-____*_M j-_- LgL_j 3 j_j__j c-uj__ ,.\ _ r __->■ 
_>-* 3jl__|j _--Aj * Alvin <(_j__Jf» 4 j pltll 4 3 _ o ttt jl -t «11 2L_ol j__ ___*_.__■ 
,___ _>_>jJl_J t ^_vjJj_i_JI -jL^jSU cjgj<nK,ll JL__j_l 
j__c 3jL>JI aLJLt j__jl_j >-*m >■ .(^) _>_.j_wLVL>. j)_>. t_jj__ _;_L$JI j_uj_>JLI 

_y0 oL_.j___*_4J 4^L_>JL!j i___u>JL1 £_L__ __-_ 3_j_>. jjl 4_jjj_uVI CjI j y <itl 

2l__ cjL_1__ j^ (jj__j 4_jL_ 3j_l___~j _jI_ljjJL 44 j «Mtt l 4_ujJJ! _j_3ji>JLl 

(JA_J I 4___»1jjJ1 I {f\ Ay _-J1 jljll ^-3 _)jj_>.jJj_u_JI j___ JL9j .^_*_>J| 4_j___> 
4_tjj_-ll i4_j__UL>JI ^LuII 3jj__U j__>j * JLJJL>- __>. _>jL£ _-1r ,J1 __J1 

Y * Oj ) Y • _n_> ^jlj 13 3j1j >- cjI >.j_ j__c j__jj_j _rjJ1j) O -"1 l^ j >■ 

t "it __jjL- ^Jjj il^t <>> C_>_tj i^4jj_j_o 4_>jj \ * __J1 0 • _>-«) C-uL^jj_^__ 

.~-l__J1 ____ 4_i < 11 \ _;jJ1 L-sJ^?-! J-J-__ll 

i_JJj Vjuj ._rt.-> ,.i<Vl JL__>1 4-^LL>J1 ^Lult 3jj_UI ^UT-c.m V 

l 6 * J * > J ^D^iJ-^^^i ^U^JLp-^b Ojd.?--! J J ' "^ (jH-* u^! _-L>^ 
__!_ j.,.<. " -_i (ji Vjljj . L^llaij-jti L_j j*t.,t"i __l!t g-l irt j Jt ^ji-l jjl _j»-j ^j_xj-_3 
L^j1jIjl/j1 4_-uiLL>JI ^LIJI 3jj_JL1 j o1 « n"j isolarenergy 4_u_-^__JI 4__LL_J1 

,_)JJJ_J1 JL4___1 __)ljj j^J^JU-^JI _TU 4-o1 J O j£Jt Cj^_-Li_Jt _y0 t 2_i__J1 

^-i_1 «4_uLlJL1>) 4___J j_u__i ;_jL_-JLl jL_ Cj^LcL__JI tf JL_ ( j__aj ^j_l j-Ujj 

Ljj^ 3" i nV _;jjL- j_L_' (j_ult j1_j L$j1 4_LtI__ ^-Jl 4 u_LL>J1 ^LlJLI 3jj_JL1 
oLLlII jljjj i_jjjj_-11 jli-__-'1 (__._* jL_ _>.*_ j_3)j L_S* LqLvj imetabolism 

^jJI ^t J xU\\ jLJJL 1jL_v 4___J| C_-J > _ {j\ °~ i[\ _j| jLl___Lj .Jror <V1 

4_j_jiLL>J1 ^LlJLI 3jj__UJ 4_uM 3"> ,,1^1 oLL_jJ1 jUa oj_jjfT 4_xj_W___j 

i4^ j nM ^-jJl CjL-jVIj iC__JjJ_I1 _pL_Jl 1 JL^J _£-4JJ) ♦ 1 3 0 t*1 J__) I 4__ulj_ _j_*___u 

Ju__u ^)j_k___*/L 0 tj tUll jL-JI _L-j^ J----5 J^jJ-» __J1 4jL$_J1 ^ Lj__Ljj _jf 

._jj__J 4 tj.L-a jjlL iorganic pathways 4jj___c 


SL-aJIJjuol 


jj----> j*>JL__t (jrj-j (j_« jl_u ( ^ * )l_jLo£jV1 (jl jJL-O * 1 $ * < m 1 4__JI j j \i L-£j 
CjL.Li.n 1,1 jjj>jJ>J-Jl ^j-LJ LsJUjl3 i__JJj ^jl *L_lL-__VL ,4-j-j__-jVl 3l j -*J1 

Mj*-' OJ^ 1 -^ r^-^jla t Ljj__u_C_JI (j\jj oL£jVl ^ 5 ,A1"t -. ^ ^I^j! l>j 4-^j__-*Jt 
.4_JL*J1 3j1 j->J1 cjL>jjJ 4jl^JII Lj.j"< i 1 1 j CjL£j SM jJjj! Cr^ 4-u_J1 4__*.jl 
c-J-cl jp 3 j_-_11 3j1j_>J1 oLLJl jja ^L_j_SjV1 C-J-.I <j' l>->- cr^J 
j-___J1 (jr$ ^JpJ (j! L-lLl <j! ^ (<lCjJI (jt^J -tiilj j-a (J-uSjljM Lj__u_£_JI 
3lj-Jt CjI jrt j ^jLj 4jjLoJ! 4jjJox1J CjJO Ls jiajl) jiL-a ^L-J-Ll-I ^l 

tdJL^JwJU <jt LjJI < J_i_oJ_xJ 4______J £L_U_l__j*_M jL-3 i(l_*lj_J1 oLjljJ j_-i Ojj-L_u 

_-_ 4-_Oj_JU»Vl Cjlj-JT rtll L-Jj-_> Cjj_4-_- (j_3jVt ^-JL-C. SL->J1 JJ-JL-- ^-Jji jl J JwAJ 

^J jjl ^j.g-Jt-j 4-LoAja ij-st-JI ^L__ (j-o 3jL>J1 dLJLl ^JLaj Cj-l> *4 n j «ittl jLt-JI 

,4Uj,mJ1 oLj>_>JI 

_ 3j_>LJI (j-aj-M jl <---^^L LaJLLc. 4__u jl_v- j-x_Tf ^l" T< < nVl I JLA ~ j < ^> J J 
JoLmi *it ^Lt-c C-_jl_> _ 4jj_x_J 4_JLJ1 4_I__ jj_J_J1 j I oj_J_J1 < r<Vi <J}L- Lj!-j__ 
CjI j y n\\ j! oLSj^l J>j_>.j j .kjj . jV1 Cj_L_*j L^a j j.f_C; l^r I ^L-To 
<3L_*JJ 4_«jMJ) ^L>J1 jl jil j-a_3 jj 4jj^i.ij 1 g j< <i » 4.rn jLt_J1 (_-_* 4_uj_ijVl 
^jru 4\<\"t ~r <\ 4-ulj «j^ Cj^L_L_ Sjj-uo (_*_ 4__LL__J1 ^yA IjJU l^t a J-^->«J ^--Jlj 
(jl L_bjjJu 4__j___>JI -»J— b j-^__ajj .(jjjjSJI J j < u^l ^.jLj (jr^jjJU-^JI oL_)j_> 

(■ ( -fcj 1 4__}__U_>jVl 3l J >J1 L-J 1 J I A ^J-A ->jL_J__-1 ^1\ j_)_LCJ (_$_)Jl 4 ( j.r.,Q mJI *t J_X_- 

. 4_3 Li_JJ Ljjjj_-_- (J-ijJ 4J&J i 1 Jl> IjLjjLo 1jJU_auo £*jLl__f 

jil i c-w ;b-Jt <_i_i ^ 

JuJl_>Jj L-flL___L_>1 jj-j_>- jJ j j J I JjL> t jLojJI j_4 Ci>^ L___i__Jj jj^_3 J1 jL 


j-__LJl < jj--J1 (j-a CjjjMtj.Mitl Jl___ J^L>.J .(j^-j.1 t*y _?1 Ll3^L__I j_a__ I 

iChallenger (^j_a_lll) j_^L__j ^LLjj_J1 4_Ll_-__J1 (jL» _____ jjjj_>.jI1 ^LJ-JI 
tjLst-Jt jL^-ci l_jL_-jJ_*_4j 4 uc tCi\ Uj>»tl jLui (j-a muck J_-.jJ1 cjLjr 
(jjLsL ^LJjJI ^_-ju jl-? (jjJl iPrimordial ooze ^-jIjlJI U_>J1 ^l j_2_l_u 1 _;<t 
3L_u->J1 jj_l_> j-j-«->> jl Jl_-1ju <jjJ1 Urschleim L _L-_Vl J-wjJl t 4_al um<1 ^ 

(j-Lua ^/1 (J*-jJ1 (j-C t_uJt-JI (jf ^jjJI jjJ_>.jJj-LJ1 i__}juuj ♦ 4_U oL_j JL3 *Lj__->jVl 

i3L_L>JI L_jL-__J j-U 1j-jl_> JJ-AJ L_jJ_J_i (jl (__JI Ij-I-U i(_4J->J1 J mi iitl Oj j ina jLfC 



<_Jj-_JI i-L- 5Lp __aj| 


Cr- SLl_>JI ____£. _-_-__j" <j! 4_j_LaVl 3Ll_>JI JJ---> o-a _$ V _>£Uj _ <_! 4__>-j_ __J1 
CjIj J ._a1I j "< <! j-^jJj '<-<■ <<JI I ju_ J-*-! (>>* <j->J i£\ <jr- ^ IU, ^t j 

{ja Oj j j < CjLj q< j (_;j_>Jl l__0-_JI «C-ajJ)) 4__lj__>j_I 3L__*JI (jl JjJij ^ i -w j 

_,__ 2Lj___LL_JI 5 j___-_->J,l *L_jjJ1 Lj-p^-JI _y« j-j-a^ jjuc 4^*___j! _;jJt ,__-» ■ »^Vl 

*L_--J_J1 __J1 <4 m o __jj__Jj j^tj JJa l_jJL_z_ _£jJl i«__»jl_Jl>) I juk j!j .CjLL_j_>JLI 

_____ *((2^a-__SVl c-ut"1 ___JI) anaerobic 4_i_1 j_-OU1 L> j"<; H £lj_! t-JLc.! _,]__, 

_-__£ '4jj u> Jl dJutJLl <__-_ -L^_JI _£jLJ _>_-_«! _-!__. j_j_ _>__ l<j * ) j! _>_4 ^£jJI 

L__j£ _>^j-1 Jx_w __JI jjJ__JI _;j1 ._£_>_-__* _l L^2 j_li_j _ l__j_- i JI_UI Jj-__- 

.j__Ci j! 4_L_u (juMj I _U_3 i3L>Jl ^j-i- Ju__ 4_lL_ C_jL-i L_C I rtl" V a 
jjjjJI __~ (__J jJ <L_u_uL_j_ I 4__jjJ_JI SdLpJI ^j___j j-Q-_- JuJ_>u I j i< <i j l___i_' 

JjLtj _M) ____;L-_-_uV1 _)__L__J1 JjjJo ^l ,\ V" ( ii Ij i__Ljj___- ____ _;j_l>__ jj_*__3 _____; 

Ljj_Tg (j_L-L> — — >JjJ— _— _ 4__jjJ_JI ojuk ^Ljoj *j3_____JI jL_c! juj__t_J (___,! % ui^\ 
4_^j__jjJI jjJe-__J1 £-A JL-Jl ___A £>Ji__j *jj_*___JI j_fl C_jj__ CjLjj_____>JI (jl _>jQ 

^ c___l_> ______ j_ __L__j__ _yj *LU mi c_>_ c__j__j (___!! t sedimentary rocks 

JOo-iALH 84001 ^>_^l j__t_>JI -JL-^^ L_j!j U__^ <j£Jj . debris ^Ll__>JI 
^.___j _$f jt _h« VI j_T_u (j! l r>< <ij _ jl ,j_^! Ljlj»- (^_b>JI) 4jjLJI jji*-__JI 

,^\\ __jj_j (j! Juu _JJj Jj__ J_5 ijjitu__Jl djuk ___ JjJjlJI _yj ^ji-AJ 
_,_ 3Lj_>JI J_Lcj| (jj__jjJu _>j jJI i4_xuJL__JI I j >jJj J jll c-1 olr j^j JL__J 

__!! ^IjjJI _-JI ^jj_«Jll 3L>JI jjj-a ^-J-_f ^cjjIjj j__ol_>JI c__jJI ___ t__Lj___-JI 

_>S_4J 3L_-JI (>a J_>Uj-i dj-^-- * JLv _;! __L_J .(J_-_l __--. 4J__j u^^W ^ » 0 Ju* 

L^Ji j-ju _>__j i£ju _;_ _;jL»j .(j^-j^l ^-Lc dL_>JI jj___ _-Jj! 4_>j 1 j < " (jt 

d_3-jjj 4-____blj ___J CjjjJ_ L^j! _yj Jj_ L^jt _jl»j Lc_4 ctbssils CjLjj <i t < 
_yj CjLjj_s_>JI dju- jj_-J i_JJ_ __JI 4__L__VLj , (j-_L_J| (jAj^L Juu l(jjlr cJ-j t"ill 
SL_x_>Jl _y» 3j___JLl __Lj _ I (jl Ju-J-tl 4 i ut _yjj . Jj_u^L__» _____ L_t__4 ^cl-u-u Lj^LJ- 
4__uL__4_L_i mixtlires 4_vj-^! _yj -JJ j JL-J i4jj-3tj j__laj 3jj_____-i L^Li- _yj _-uj_o 

.precellular 4jj1_>JI Jjj3 <_-u_JI j-c -jj-_-_> (j o »X 3j-->. 4__j__Jl 3jj__*___j 3j j < ^ ^ __ ^ 

Ij i njl (jJj-O (jT- 1 < - f ^ '""^ 1 'L^J-' cr-^ --^J _r--' jjie---Jl ^ J___! J->->jj 

T , A j_ 5__j j__x_3L>Jl L___ij (j__ jL_t_jj 4_a__L_>. __JI i.u^Luj-^ ____ Isua formation 
L Jjj>- Jl j->- _-J_ 2Lojjl_JI L_>.jJjj_JI ^Ll_. JJo i jj_-l-- _; j_4 _-J--j . 4_i__u _nj^L 


5U*JI Jj*! 


_yo 4 4_4jL__ _)_~ 3L_>J1 j j-*-j _____ ^ 4jj| ^^lc (_^j>__>u 1j-j-»jj) jjpt____ Cu_-" L1 

ALH 84001 ^uJt jL^t o__jJj .^U_ ^ll^-l ^f __J1 J-__>_j1 <jj_ 

j__*__>Jl IjLA dJjuJKjII CjLjuj-SJI q\ Cu->- 'JLiJl_v *j_j--> _,-- JJl^>JI Ijla 
V , A _yj LkjLuC.1 c_jj^_L__j JL9 v Lt>j-<^. Ju JL>Ji ^J-.j __!-_ i_,i-jj_U (^jujJt 

^-J_j9l j <if J-^J t4 ( 11» ^j-ujjL» T , 0 (j-^J " I J 1 " '! JJ V-<^> j <if J-^5 - 4J__u £ruj>L 

.4j_-_>j_M SLptU Sj-_jll CjLj___>J1 
Cj1jJ___ (4-jjIjuJI (j^J Vt SjL-L__ C_jL_' ___]! _J-j^__J1 i _)_! i__A La 

3Lj-_>JI CjIju \ &a)c i4J_uu _>liM-j 1 ^ » A _yu Lo Jj ^ « ttl J>_-__>Jt» 

JUju 4-u_j__jI I jjj- *JJJ_U_ V L__V 1jJ--JJ S jjtnMtj JJ-^jJ1 ^ 4__i_jLbjVt 
__J1 0 -L H -mi-4 L_uL->.l " m 1 <>l cjji-J <jl e_^tJ ;4j__u _jUJ«L) T , A __t<T L-bj fl T 

t_j_____- VI CjI jUt a n~ nilj t_. 1 11 <i i^Jt ^U___J1 OjSuj ^ ^ * " H CjL_j_xi__*__JI 
jj_3t-u_ ^ Jl__! _>__■ _J <i " 1 m„U Cj La j 1 1 1, 1 3 ij____3L_>J1 Lj-_c__Jt] c_jj-_-Vt 
i2rU^L 1 , 0 j--_- _-JI 1 1. j ^ -y . L_bj_<a__ j__wjj) 4_j^j_jJJ1 jL?t_v Vt ___b a :__ ..io-mJI 
t^4_(__u (j-u}_j 1 , V J-3t_) j_4_-Jt -r i n ^-lc CjJLjwj (jy-JI J3-5e-u__Jt ^JL_1j i ^4_L_u 

.^jjit _>>3 LujJ ju-w^JI Jju 1 1 1 >-=j>J! j-aj <ALH 84001 __£)u_J1 jj*_>JI j 



L ^J l c ^_x_ j3_w__> _jj_wj ___ ( 2 ^j.urt/yt 3L_>J1 _jLjj___- ^LJal^^j^JiJl Bj^u-Jt dj_t> j-^I-j 
_->JI JjISJI 1J__ ji ___s-V ._-!__ u^yu r , 0 __J} j-wjUj t __^_i( j»L_Jj .-■ J-__ LJtj ~ uji ___ 
tj-b ^J-lj^ , 1 >VLi ĕj^uaJI (j-a Itjinij _J1 jLuu . J_u_ILj LiL>J( jujjJI ____; ^^-l>u 4_i jjl-u 

.j-j-Sj a_*u jtjjMj r,o J-uiuJj-^ib (jJaj-') __k: 3U>J1 _ji __*__» 


5»jaJI _Jc SLp o« .__-dl 


<__J_Jt (_>_. L_*Lu ( 1 " VI <_0j1 JL_J1 (jIoj^U 3jJ-i__> «LjL-Ut _>j_A (j-C 

t Li , ./1 juj___J1 3jll>. jL-jj oljLa <\_4 OJ-— ^J-- 1 ' lP^J^— * ^jJI <L3 j *j _;jj| 
l 0 <i ^ 3j ~ , ,. a 3jj. 1 ri * _______ (j_ojVl <"<! IrS Jl____ (^1j__*J1 ^LjV| l_1Jj ^yS Lo! 

Jl 1 >■ J__>L_u j__i_->Ju ___. -U j 4--r j*n cJL_j * LAjLstj j 1 r <_i_S- 4_jJL^j_> 

5 j <XjVl 3 j mi 311 l_3_-__--~j-J 4 y j 1\ mid-ocean ridges cjLL_l_>JL1 < 

Sj «^J-Jt L^—j— - LT"-^ ^"J'— (_t^! *"'J^ "^** L>-— C^J ^iUn nill 

3jl__-1j]1 J____j ___JI cosmic debris ^jj-LII ^L__>JI J_i__? c-jl__> tL_jL_a__-Vl cdJj 
LqI 1 n^! lJ __> (j\ LiT i^jjjJs ^ * J£> (jioj^L ilnn'i J_ju>-J I <4-*->- _-JJ L^juo 

«ji_b Cjj Ij *<LLl_i ^jj jla Jfs 3jljJL_c CjIj—a ^j-ojSM l_jj_i___j CjJ)L__" j— j-jSL) j j *st 
^jru »1 <>i <iT| ____ Jj-^jil f LL__>JI <.,lr? lJ^ 3" ,nl __JJ 4jL_4_JI <__£} Cj}L1jJ1 

.J_i__U 3j JLJ j_i£>1 4.,q..y < X ^L_u->- I JjL__U Cj L ______ J^ I C___*-J-J--->! __JLJLjJ tL. <^l j_*J I 

3jj-____J J_L__J ^j____jJi JL—-.1 I n m , ul I jl ) I jn , <i) C-J_j lSJ^" ^^— - ^jVI LujJj 

(jj-— J 4_aj1jlJI (j-Dj^LJ (_£j__>J1 l_9j*__J1 >U?^? ' "^lj (^^Jju-J! ^j-a 4_u_.L__jI 
J* -H 3j_j_Uj8 CjIj j I (j_3jJt_ JL3j i(j-_wjj___J1 j (jjjjiCJI JU__i5.5 _---_» _j_C L-uL-ul 
3jla jJ-4 C < <u ___JI .3juJk___Jl Cj__a_J_jj*_*1 4 j 3 - 4jL$- tjl ♦ ^jL-u_JI ^»1 < 
J_<ij ijj__>L>Jt l Ti 4j (Jj___ 4J_i_g U^^Lj 1 j 4l-_u UC^^W ^ » ^ CJtS 1 J^J^J-^ L^jI jJL__j 

^j^Vl _-_^lj__Jlj (>jVt cji ^l cjLlL^U (J^_1 ^JLI ^ ^>L_. 

.4l__j Lr^^L 1 , 0 j__jo 4ji,,I < nVl _4___L_tj L^ __*__-.? ^ L^___Tjj ^-Jlj 
J*. Ld!_i_j _ 4_u1j_J1 ^j^t e-Lc c_j_w ^t cjLLkjj^l cjjS Luj 

JtjJ V 0--" Lij-^l L_fl>LiJl ^ j . " * a *>_>- cPl - cr- 1 ^ 1 

L__-*J_Jjt ^-lll lJjLJL.. iJL>- c-J^J 'S-^lj-Jt »1 irt nlt ^yJJ i L^_3j Lj_>.j-a 

Jiuj t L_i_uj <L_u__>J1 _jL_ijJ1 ^j-o 3jljj_>. cjIjIj— «J L__j1 <r,ji>- j_jjJLLjj (j__>jVlj 

(j-* (_)-* L3— i * LT^' S-*lj>--l (_r^! * ^-5__UI (jJJj-^Ji JU__-_*I ^yJLJ JLa1_*JI 

Ijl La ^u-C. t V Cjj_-v__1j CjI__ J__ 3LpJ1 C_uL_( Ijl La JUj-cI L-jj t j_^J--' 

^j_>J1 L_3jA-Ut < h 1,1*1 jl l-J_v ______ c.Ur. j_d Sjmm^jJI «LuL^Ji cjLLLuj VI cuL_> 

. t j^-_?j_-J1 — I ljj-s volatiles 3jjIU"U jljll ^y» ojjlLj 

L>L— J. >jJj J >*^J L> J^lnU ^L-jI ^j_J1 tj 3lt ^jl , ,i \V I L_el mi^", i,>I ^jl 

j___, , ^ ji \~^~} ^—.3 4 3*1 II (j_____jj Ljjjj tj-xi__Jt ^L_4 ^j-o j_jj£J1 jL— _1 jl_j__>_ 
1 j_b JiUjj . <L_jJjJ1 Cj__aL_ujV1 4 i 3 2ljL$j 4ul ^yi— cJ_>. 4_l___i ^jaj^L T ,A 


SUjJI JjuoI 


J^uji _-___ 4j^___-_U basins (j__1j__wVl L$j_- c-_j_~j ^pJI <u_o_>J1 4jL$j c_3jJ1 

l_JJ_ JLU t j <i.7\\\ (_____ _Lu_£^J1 Cj_Aj__JI C-lclj iCjJUj>u ^^uil 4jj <; a\\ ^x>_»JI 

(jjjJd _>-- J • 4 m ntlj X\\ /j^j Vj 3 ^ . . C CjI aLLajjl <__ JL_>_i ^J i(j__>Jl 

jjl-u . jjjilj (j^jVl (__ic a , a\ ^jjLJI jl>. L «j *extrapolation Jj______ , _ t 1 

3jj___u 4^jI iim.<i Cul_» L^jt JuV <__flj^J_JI (jf _-J1 IjJ-u I jrtl^t i *a p1j___L__< -*1 IjlA 
JUu La _-_->■ jjLLc jljuo ^ iCr L-.| jjl miTI ^L___J1 plj^l J-J-*^- (--3 4j-Lc 

j_vT 4-jJ_ cJLlc_A ^jJI j ^ ( „ <a ,.nJ1 ^L__Lt1 4_jJ- jj£o ^jJI C_J_jJl J>L>. tjtJjJU 

Jjl *L$_ul __)j__ j^j . L_uj_>. 4j>j£Lll1 ^lj^JI __ic ui>^l fLJL__>JI cjMjIj 

4_-u_l*J1 c-jL-4LJ__-jVI S C_-g_ul ^ ' - ^ ^«t l ^Lla-JI j n ^ (j_« 4.1 < o jj_iLi V * * 

(jhi o mJI ^L__JJ1 (j_£j w * ;"tl U~_tl (r ,lr1 <jV antense bombardment 

CjIjI JL_o ^j^— 4_j (j_o (j-SLoj 4j5 L-aIj CjL_aL1_-jjV1 aJJb Jjl__u i'Ufl 1 miI 4-jI L-cJ 

3j. "<_. J%J>-j >(jH o miII J j_-w c_-SjSJI obj- jLui a ^Jo\ n Ti V 4-1»Lj orbits 

^Cj (__JLc iCjjJL>JI j-)Lj Ij-al oLaLL-uj^l C^iiM i4_JllJl 4-i__u ^jjj^Li V ,A Jl 

(jj-JU lo Jx__ cjI jj ^LujJL __-__■ ^jJl _dJj Ji_4 ^j oLaLl_ujVI jt 

4 i i .iLLq CjL_ulj (jli-. JiLi-. (jja (j__>jVl <_-i-- 3L-l_>J1 jjj__3 ____ Ijjj <"i j «1 4 4_L_u 

.cjLxL__ojV1 <_dJ_ juu SLpJl ju£ __JLc l_-j__j (_-_J1 cjLj__jJ 

Ujj t4^|jL-JI (jiajVl (_-___. 3-ijl . ii 11 4 MS*Ulj 4 <i jittt -j-j^JaJI Jio ^ 
^lL-jjj 1 a j <r L->j ja Jj ^cj-J tdJjjLc CjIj->j Jj 3jl>. Ij 3j_a (J_jjJ 3L_t_-JI CJl <.V> 

C-jL-1 L>J 1 TTJ -T ir> (jL_> LilJj (j! JL-jJI 4j_il (j-«J .^_-e->Jl JjLb ^Li 11 (j-_»jV-J 
(j-« (jrU^Lll CjIj-___C JJ--U JjA-J - ij n n*> jjj___9 C-£lj (^-Jl i U rt*^ 4_>-L>. (^-_3 3L_>J| 
3 j **i q (jj ^y" (j5 (j__C-xJll (jv*J *4_«u5Lll -_fljjJ_-JI Ci V> ^j-Aj-U _ ^LJLc (jh iditl 
Cj1j_1_JI l-LLj (j-o CjIj ni ttl <"m<\ i^*t JL_ 4_jj! J-Jl (jH3jVl (_---_ 4JL__j (jj-J* V * • 
(j-4 3lj-fc.fi __J_C 4jj"L"e .ia jjJt_LO J-i-J l-jL-«L-_-jjVI CxxLe ljl__ i__iJjL_?j .4j_UJ>JI 
jj ^ _«rttt -J-_> Jj-t->J CjJjs- Ujj i(j__jVt ^-JJ j_Jj.l1 (j_4 J? t jjjil ^-Jl (jiaj^l 

iCjljJLl <-J-VT jt iCjLL, jl tCjlj Af Jj i3 j_>.1 j 3j_4 (j_uJ (_^j_>.t L_i_>1j_C (j_o 
jJ _-!_>■ j . Lj_jj < >__>u ^L__ujV1 r < j miI ^-iJI jj V tl jjl-c (_-___ IjLo-j-cI 
L_iSjiJ1 (__ic 3L_l_>JI 3jlj_-_- J _______ j ^ ojla J-UI CjI A 4 r l-J-c! tr^Ln *^ 

(jl £j^2£ jj-=*^-JJ «4_j___jSL1I (jh-j» Cj!>L>.jJI (j-« j-j-lSJI jjuJI (jl_a ijujL_>JI 

(jj («LojJl-SJI 4-j_3tjjJL1 3Lj__>J1 (j-4 oLLt-C Jt rttL C-_t_j L*jj 4_jj1 JL_JI (j_3j Vl 


5* jaII ^ 5Ui> O* **** 1 


i\j+ula jijj v <l__J * jJl__4 i-ijui _____> 4j! j_j_* ^jjii _>fj *>Lc^ ^j^-j 

L)1 J^-J-U ^j-^B i _£j_5-_ , 1 4_i_-LJ1 _>>»J . _>__j _M _j_<j SL___J *iL,L>Jt j^e_-__J1 _ya 
-uLuLS' 4 , n '^LJLl j i n V" ( n jjJ_____J1 _ JUb __£ 3lj__>JLl 3Ll-*JI 

1 — a — flj __ijj___jj CjI __J 1 — ^j! _j-« _*_»_* (_-*"Jlj <4___j_SJ1 cliJj ____ I <i*i 

♦ L_JL_b 4jLkX| t_3jjJaiJ 

^jlt^^tj-ti 

I j_a_- L_.JL__J t 4_L^jVl 31 jt.U **1_}__-J1 -LUj-M ___£: Llb>JU J__j _/_"! Lal 

J-*-J- 1 a ^ tjl mi *i _jl 1 ' \K <i j itjjj "t <*i_U L_$_L__ V 4J__u ltj-j^Lj T , A _,lr jlj}j. 
L_uf u fr *L____>JL1 4__-l_L>J1 S^p^j*-*! _,1r SLpJI o _____ < *ij*n : LL__ _)jj-A_i£J1 
^i__) I j ^jJ^_-uj^___JlL ^JI — c j__j tBaross _>_jjL (jj__>- Jj— *L . ^jjJ V 

V _iJL_- l_J _____>)) ;3Lt__>Jl jj-~-> ^J__-Lj j j j ^j _>U t <*Mj *Lt_«__w ^ya (^_t_i1j__>J| 

_j1 .((4_L__V ---U L-jLAjJjI M j-_L_SJ1 L_JL_-J t L-jLjjU; II {_y* 0 M_____4_ 

_-__ J"i o *n <LjI 4j1_£_]1 _-_» C_-l_j Lqjj 3L_>Jl J_l__L _jl t"U J1j-__J1 _>__ «LLw-M 

_ __^jUj jj-_>- J£~1__ encapsulated *L___u_~ Luj - _>oj VI _-JI c_-L___j 3L_>JI _j! 

oLl£jV1 _j! jl tCjL^j-M 4__ll<u _$jJ1 l_JJ_Ju 1 _ h mi Laj m-w __LLU_ ___>!__' L$j5j 
^ m^Lj t_>__J_M _,lf SLpJl 4j CjL-U _; jJI _-J-L__ _M Jo_<LJl _>>3 4_Uj__ _)J_vJ JL9 

. I^j4 J_4_j _j! Lj£Uj Urschleim Lr L__>_ t 1 J^-j-1 _>-4 4_>1 j__JI /yi jj__ 
_-_J t*L-_oj_ t l SLpJl JjudI JUJl_>o I 't\$y L_jVL?E_fl j-L-il _yj JL=-lj ^jwaSu 

i**L-_j-AxJ1 l_jL__j_>JLI l_jL-___ J__ 3L_t_*J1 ____L_> I __ 1 L- <<Ajlj V ^j-*--. : L^____j_o 
___) ^-5 ,_>-^jVlj oLJLI _ru 4_*__1jJ1 jjjl_>J1 _-__. *_)_*! _^L_L_"j_ t 1 j_j-__3 >:.l> 
_-_ L_>L____j_i ___JI Lj_>. jJ^_lj>J1 -__l_s Lj__i_it_j ^Ji _>£vJj . Laj-j-c _;j_>. I oLLu 
4jjJL1 ^j-ol 3_>- V1j 4___IjJ1 ponds l_Jj_JI _-_! __)_____ 3L_»J1 _)L 4^L_J1 -___jjJLl 
oLulju ^j-a l_jjjJ_u SljjJI __j1 \ n j *i *_. _jl ((4^^)} J__4 1 glVflj Stidal pools 

I ) ^ >o Jjl___u i4jjJLl _>_>1j_>- -*1 4jjJ_u 4_*___> Juc C___u _j( _>S_xij i3lj_J1 

. "LuIjlJI tj-oj- 1 ! ^ 3_L_L_- __JjI_T ^yUI . Ajjtut 

_-JI I {} 1 j <ji (j--^J - L>-j____j ^j_-Jl (jjoj Vl -cJ____ _>---l tn V j-J-Si I _jj 
J>-1jJLl _-__ 3jj-_>.j_<- _>£o ^J _-4_l LoLjJ -5__>-jJL1 _yj _ 4_a__-_>jl JlSj Cj1__uj____4 
jJloJL l_4_-_j C > 1 1 < ^t" Jl_ ^jSu ^oJ 4 J i >> J *_/ 1 3j__L__11 _j _* t _>_>J V I JUjL (j-4 3j___JLI 



4_jo_Cj L^jiT jj_____ <j! 1 *j ^ <Cj1jL_J1 _ya VjbJ .CjIjLJI |CXJu <jV _-_l_J1 

^U;ttWl <Uj*_.U < rti^TLgj S_jjwjJLl 4__uv-JI JLjj>JI 4j__Ju- La jl_~ 4_j__u 
Jrt «,.! 4-^L_j_J1 _ljJJ seep jj_ *v ^j_Jl Jj-^j-J mid-Atlantic ridge 
(j^J-oj-A^I Ljjjlj L-ajjJsi 3jlcLl-j f ■ U m 4_u__jVl 3j____JI 3j__»L i_ T l_.}LI 

4_*_*Lw ryi Li_^jJj_^jj_Li_3 ^JLc j_4>j t Pace _>_uj jLajj- Jj-oj * j-__CL_ _>__-! 
__lc ct^^Lh (sludge 3L*__) J_^jj ji_-» :jjj Jj--" J^- 2 - WojA^-^ 

__ic 4_ul j <i j<[JI Cj^LcL__J1 CjjJl_>J ^LUI jl_-_»jJ1 jj* 1ju_ .(^j_-___JI jL_JL 

jj]__U _---j *((3L_>JI ^j___j _-J| _£_jj jl_> (_^jJI j <4_uJ_*II __Li_j_jL_>Jl rj-L-uu 
j__-jJL1 ___> _____" L_uj ti Uj>JJ ^Ls ___a hot spot «4J__L_u 4j__j» J_> _>L_ ic) _xi 

t L^__5_JjLl _ya 4jLi_J 3j£L-4 4-_>.j_« ___ a t La *jj ""\'J * ^LpJI 4_j_S ul__j JJI 
_-J1 4_^___bVL <3lj_J1 CjL_4___i-_-__j SljlJI CjLulju 4 j.'^jVl SLj_>J1 ___a__u! 

cjLl_J! __JI j rt".^ _>__>jVl ___-_> Laj___ ,3 jjL_JI _jL___V1 _di3 ___j .cjLi_CjV| 

___ JLvjj clulis Jjl_JL 4__jL_JI 3jl_l>jJ1 CjLLuJI _)L_t t <jVl 4-C_-l<J _^jJI (_$jL_JI 

, 4_Lu__Jl cj__xpJLl 

_yQ (j-_xJj i__uL_jjJ1 Lr_jwJl _ya CjL__j SL_>J I (j Li 4_jL_JI 4jj U < 11 ______ _.-jej 

Jlj__i ^j-c i.m>j <jl iDarwin (jjjL jjj____ Jj-=e_ L__" t «3j j-4 4___1_. 4__jj>) 

. j j 4-j fl 1 111 4_Lc t. ,j y~ _jf tidal-pond 4jjJt1 lJj-oJI 4jjJ_u j__y^j _jL_b Lxuj 
t rtj^ t L_- j____- j i L<_Je-r- j-l_CV 1 Liilu < U mjj _)l Sj jt trt\\ CjLuj y m \\ _)5Ljj _-_J_^ 

SL_j__a_U 5j^_t__JL1 long-chain molecules 4jL_AuJ1 4_jjJ_JI CjL_j3—>J1 tj>_o 

jJLuO VI CjL_Uj-_>JI _yQ L_iVT jl CjLL» __L_- 1^1- J_" _^J___>U __lllj t4_UUOJ VI 

(j->1j_-V1j Cjj-Jl (jl t j^j l__Ij_- jiijJj S Cj1j_4J CjI j_4 1 ^ ( ,i li t 3jj_Lo i Lq-a_>. 
. 4-Lj jJo J__jL-t_ (___ 1 ^ < m <i*< ^ U T> _-_J 3j j & ]\ CjL_jj_*_J SjL"( <i A (j_"Ls! 4jjJLl 

cM_LoVI 5_jL_Ij u_u__5__J1 _yQ 4_JL_I_4 CjIjjjJ basins _>_>! j->-Vl dj__ _>_>j.» T> 

j^-ijj _dJJc_ij .SJjjJcJI J__i*L--JLj 4 $ \ \ ui __1j ___ CjLuj_>J1 ^njU n __JI £j--> 
cUI L^_j__ _Jj-~sJ (j-"Lal iOl U j (JiLo-C? ___ 3_.j_>.jJLlj id_ui> L_4_>JI 4_4-Cjf 
1 (j j Cj J__>_ __ll1 3j_A_i___Jl CjL-4_j-_ju>J 1 (j__ j j __ n "<Lj ( . « L< j_L___ (Jj-3 
3_Lc1j j-^__l1II Cj1jj_ _-J1 j__J1_j _4__J i j_j_-> I 4Jj Qitt\ 4-ul j 0 j*vJI CjjLcLaJltl 

yLc 4j-_JL_J1 4JLjI_JI cjL_jj_>J1 pjU n __Lc jucl un (___JI rewetting JJLJl 

.cUI Lfl_L- < ^i-rj 3j_o J_T ___ (j-sl^w^lj -JjuJl l- -lj->- 


*if j^JUl ;L_.I >__ ti_i»ll * ^ 

JlZl4-J _y-J1 3L_>JLi |fl«iia i____>£ ^c_JjLj 4 j t riLuj I 3jj_u__j jJk ^j-aj-l jtJjLj (jj 

u^^-J - » 0 J-*--' _)-« 4____ tjru^Lj V , o SjJ, JJa _M _-_!__. L__$L* <__< 

oru>L r , o ^ <_U1 c_Lj__>J1 <jf lt- 1 ! 1 j^j .UZ£il t^L^y 1 J-^ 1 
evolutionary t_gjjk"Jl j— *ill _,_« I j j j ^ 1jJ-_3 J» Atl, ^ ^U" , ,-,!^ 5 
Lt 4__! j_JLJ1 <j-« L^_) (j l $ " i ,i j V 4 j mij jj-^j _>! <jjo I * << qj .development 

J_i 2Uj>UI 4 hjH (__} SL_>J1 ^j___J L-Jls-U «ljfljnV> - LL* j y »" (jiaj-M -__>L£ 
t j j *t_\ 1 L_JJj <jjO £j_--1 1 nin <j! 3l j tM _>-w*j J_b (j£Jj • 4ju_u _)j j L) ' *-.-*. ^ya 
j j r- -1 ^__jj| IjlA Jlju _j S^jrU^Lo 3j niT j? Sj4 *< a <___ ^jj jU 4_Lo Jj_->. 

3Lx_*_J 3j_,u" a extinctions _____» IjJijlj 3 j j i"ia CjL ^ui j>j-^j Ji o~ ^! _tH_ 

oL_uj__>Jl (jl jl rirL . Ll__j! (Jj__^Vl c__-il j_-JI (___-_: _>_! j 3 tLj t^j-ojS?! ___ic 
j_4> « L_bJL______l j 1 1 $ a, \ V** < ol» jl « m» ^jLSi Luj .4 miA /jjS-J <ji (_JI ^j-J 3j___*_i I 

1_-jjjj cjLuL-s __JJ dju- jjJ__j3 ^ji c. _M <Ti*-l _j^j .>■>■*». * -LoLjJI SjlcLJI 
^jjo c___^l <_j-_jl__j jij r Lq -___j_fi _. lr 3L_l_>JI j jk" ^J L_a 4_j( j-«_ 1 

< 4_-jL___ 3jj_-__j 4_4j5*L- l__ j jJ_J I js_LjL__i (jl JUu ifj£-Jj*La 4^_t____j Luj j! *tj____JI 
. 4__i_i_>JJ __3j jJ_J I (__i j n t « j_jjlj t**iw-7_j f<J Lj 1 nlU a j ^ trn ^jj L^jL-. 
4_c j., <i ae_ja ^j-A ^ 3 1" >J, I <r> r _*! (jru 4_jj j U **i 1 1 CjL-I mi U J !>___- _yaj 
_)_* i In j > V| jjJ__jj ^ej 4__u_oj _M SLpJl jj-uo Jl_ ! _)l __5j_*j _)____> 4 

_)_J_uJI t j__J^Lll __L_j4J 1 J VjJ Lj (j__i_jj| l^j (>>t J _>__ JUUJJ __l!l __L__J Vl 

j5__xJl _>j<. _M J_-.lj_.JJ 4 ntrtj Tl 3 j_ujJI _)J . 4 Kj < ni 4__>-j JU _;j__ (jjLpj V 
JU_ f 3L__LI Lcj-u j_-__M jj-u_JI _j-xs Juj-<JJ JmJ_J.1 jj4_J1 _jl jj 1 4 j 3 U ' jJuj 
(-JLJLj >jjU"< t - ^ ^jt t 1 4_j_>J1 oLulSJI jrJ-J 4____lLJLt JLJ>_--- _)-_" 4_i (j_jo 
LuijJ I nUtl oLl_?j-*L_- (->^Lcl L____-.*_ > L__J . 4j!_ j^LajJl JjL_t_-i (j^o JLjJ_j__u 
CjL_l_J! (jja L^K C_jL_* . 4 j ( >>j -*1 3Ll_>J1 jJH--> J-l^' _^j_____j j-__I L_i__a_uj 

_>__u _)^°j_>- S-^ -4_J-«-' -jLwjjJ 4__*I1 ithermophiles 3jl j_>JI 

- jjL"'tl 4L_j__jj 4_JLc 3jlj___ (j»c 3jL_c CoLii 3j__l_J1 3Lj >itl (jl » : Jj-oj _jl 

3j_5LJI 3L_>J1 JoU-I (j? uIMj _; j___l 4Ujjl_ 4__1 j_>_ -JL__j 

____, Jj 1,- >JI __ic 3jjL_3 _;! tautotrophic _^jl___J1 4__u1_ c_jL_* early life 
. 4_L_JI ____ LJ-LL ^l jJJI __!__ jjl-jJI _,JLc 3j <il,t..a injtj *LjI_ «L^LlL-» 


jyyjji _H CjIjj^ 5 , . „1 , J 3jjj__j «^L_t_Jl>) jL_" Jl__J < JL>Jl 4* JjUj 

i jLlLill j____> U _ * , ^ y ( , n i 4__>JI oLl___J1 __JL_j i Qjjj__JI j j < ^Ijj 
♦ «methanogens qI*hoH SjJjAI Lj j^jN ^JI J____ L£ LLj 

i(<4_a_9 _j__C JjJ_ ^jjlU L_5jjJL>j ^J-^J 
(j-sj-uC i ?1mi<J *Laj^UI CjLo^LlII J-a*^J- LujJ _jL ______ _M _-_< Ij-ii^ _J--u-j VL 

_-*! ni "^l __JJ 2 ai .UM l , _. ; jj>.~\ pfl "■ Lljjj T i 4 iJ-_>JI _)____*Jj .31 J ^ll J__> I 

. I j Mirt')tj SLpJI j____ JjL*j j! I ( <ij i4_L__j _*1 SL>JI jj-_-> |*Jj3I 4___lj_ij 

<j__>. coj-^o u Uj -nJLI Lft..->ll Vj 4jjJI udj-JI _-_ujJ___ _ys _£V _>_Uj V 

_p__L_J LjL_Cj . 3-L_>JI ej <Vt ^^J^ JJ""^" ^jJ^ 4_i_ _<_il 2___-.Vl 

i_Jj}j__ *L___lL_Jll j> n l_~ Ij .m5v*3 ^LpJI Jj__J (jjj> jJjj Jl 
Miller- Urey ^jjj _ ji-L-* 4jj-j>J l£' : jl .'**' ^J^ <-*- 5 L_i__>JI j_1__> <___. 
^jjua) jL___jI _ys J_____ j-_~__- __>aj--4 juu _-lc * ^oT ^Lc ^ ,experiment 
j^jjjj -_5j__jI <- <j . j-_.Kj *L_xL_tj ^j__J1 3j_T (stadium _-_*JL 

t j n.i I I 4j_6 ^-_a_b P T ) J ,m! mi" a ^Jjj JcL__j Jjf ______ «_)-4jJ1 _^ JL_£. J___ 

oL-ljj l-JLU _ Jjjj SjuL- _-1c J__>1__ ^--L^_£ j__j, _ ^jjj jJjjU J_<u- 
pre-biotic (<4jj_j_>JI Jjjs» ___jjJ_JI jij, 3_Lcl __!_; jJLL_c ^I M _ ^ ... I 1 ,U 
J-_H- ^LH*-^' ^>--- c^H-- 1 c> >^ ^>%^ u-- *_>^jVl ^-ic -jjL__ ^l 

- U_c j-LLj _>J L1l__ tjU ^jjj j_L_.l _____ __Ji_Jt _yj _>_Ujj i^Jui__JI 

UW - *b>--' J -' L7~— " Jj---->JI J^ SJUJLC _jlj___j jJjL>3 J-_-L- _-JI 

* U-'j^)? -^-lj (*Lc ^ J^l ^jSJ __L_ J^lj 

J^- o-^J^ 1 Lr 1 - 1 2_j->-j-« C_jL_> -_3j > J_J| ,„ii ,„V I fl«*1jLst_« __^J 

iflasks jrujjjL_ o- 4 oj^? L__Li_xi l_,LL_j ^jjjj jiL a ___j ( 4-L__ c_j>L 4_*jj1 
3jjjL_JI M-«j ,0_^L_wj lLtHJ^-W i> "1 '^".i i*LJLL_. ^jJ-Vlj 4jjJ_i 3j_=-Ij 
L-^-jj-^ ^UI ^j-i injected Ll__>.j iC_LUj T_ai j-jj^ ( y> ^UL 2Ax..M 
4__jLUI i^UI jL_*jj i^jj-uj-^JIj i(j_L_l_JI) Luj^Vlj ipi ' A\ ^ LjL__ 

L_ V ,„ n Lfj»J J^±* ^ ♦ J^S^ c-jI-uJI ^j^JI ___>L_JI jJt^ 

(jruj-_jVl jl_-I ^lc tj; jLAJI gjjil j_l_j j^j steam jLi_j 4___ ^_j U__ * ^UI 



II _,_- SLl? Q_ II 


Sjjj-- 4_-LL_JI ^ jolt 4jj__i 4_t__U jLjlII 0 *1l l_JL__J t4jj__tJI 3jjjL-_JI ^Jt 

______ CjJl>__ ^pJI Hghtning discharges jij^JI cjL-uj__L_J 4jLm, * 

3jjjL_JI <j--> CjIjLj-JI (jAaj C-Jj-___j i-uj-ct-JI j-a 3j j"*-Vl 3jUA_tl <____> j . ^j-ojSM 

j_*j t condenser < « ^-Jl L_u £___. !_<__-> i4_ijL_Jt 4jj-uV1 j_l_. J______}LJ 4jjJ_-J1 

^jjj — j 11 j <a 4jj___>o CjjL-cl ilUjjj ,4 jl<i miTI 3jjjL___Jl ^.Jl 4-_ul_j Cjjl_l_c? ^j 

Jj_>.jl_- J3j \W\ 4_J_aL___ju t(j-_>jVl __Lc jLL-wo^l Jj_J_____j j V i "J1 3jj_i Jj__L«*j 
.gaseous phase ^jjLiJI 4_L>.jJJ ____ o-j>j J>L>- ^jjil _-_-_ 4_dU__JI _>_<, input 
i^rt£l_Ljilll ^JajjI j qj-J1 Jx__ j_-> 4jj_at_lJI ^.Jlc 3ji_p-jJI CjLl__>Ij_LcVI o^Lw 

i«$4_Ac Jj____>J1 j_u _£jJ1 Lo» Cj I jwCJ jI I JL_~1 J!>L_- _£jJJ r*-__J_>.i JL___ _ll 

_-_Lt-M '^l "<t| u_JJ_-i __J1 Ij j m. i«)Beilstein jjl " r.At)» :_$jjj 4_jL__>/L-_ 

^jS-jj 4__5_J . JL_-1j JlUl^ I JLJ (_£jJ1 t «( U ) 4jj <r.*tt cL.<____JI J_J_S)) ^<j,,,}L--II 
CjL__jJ,I (j___jL_____- — ^j_j_-J 4 ( n i r\ V o 1 ^ K iCj|jd_>JLl j_-> CjLLo -__l __ _i j_-> _>V1 
j ' ^ ' *< _jj : ij-_-JI 0-1jj->- j_-> 4jj_xJLI - «4jj <r>r » L$j1 __Lc 4 a < < r\ t, I 4_iljj_>Jl 

(j-u-J S4"i *»-"nl _£jJ1 L_a ♦ j»Ll 4 t i "n \ \ 1 <i $ \j-_>_- ^JL_j (_gjJ_}J jl Ij a c_. ( ,lt1j 

j j "K j_-> Uj-Lo sludge L <iW j£J t jj_l__l_u ujI_l_> ^ 4_>.jjJLl cjL_-jJLI ^_^_>> 

,..L_Jl_L-b CuL__5 _ I j j r tn 3j j i < jl Jl-cLjj _ 1 4 < jj j-->j 1 4 n 1" ->JL I oL_!oj__>JI j^a 
(2L-u-->jVl Slj tII «4_uL_JI l__J l j__J I » _-Aj 1 4 j i j dV1 ( j_oL<w>-Vlj 14 j t-Lrtl (j__>Lc>_--1 

J___jjjj ^j-jJlj t3j_i TVj ^ V (j-u Lq _- Lg-Lo J_i (^j____j . I j t Mi i 3j j 1 1 n CjL_uj->. 

(_gj " nr J (j---Jlj tj j"'<J Lq- J e- > . j-__f>^1 jpjj__JI CjL_ljj__w j-Jj_C_J jnt ij l(ji>>tj 
CjIj jJI jj5__uj .4 j<jrtV1 i j_oL<j_>.Vl CjL!(-jj__w Cj Ll_4 ^_c__j (^.J-C L^jLa Jl>.IjJI 
t4j^_>.jjJLjL_^Jl (j--i 4-j___uL__j) _>jj__i___j 4 j <j aVl (j__>Lc-_>-Vl CjLjjj__>. 3_jj_>jJ>I 

tj^-S-JI _-__ cjljjJI ^IjjS j-^j^ cr^J ^cj^JL? — j-JIj tln^ — -« — -^lj 
i(ol_-jj-> jjj£j-J jl U n jj ^ jj jJJI j^-j-Jlj ^j j 1^11 Itj m " t-ul 1 j>} i Ijl m( " ^l 

.3j_j__j CjLl<v_Cj (j-sj-*! ^lr 3 j j_>j_<5 C-jl-t -Jlj 
jj_5j_j i^LII Uj t (■( llij S4_j_4__bVl d_A__b Jf_j CjL__jjjj__J1 L_U jSJ 

^ljj I ^-j-Sj * LjM->J1 -»J-- Ji-I JJ . 4_j_>J1 Lj^L_*J1 4_I___T t i^n j_-> j-->1 oL_jjjjoJI 
L«j t^L-gJLl (j_— _JL_4 J< nij 4-C j u d 4-Cj «_Je_fl ^ I jLj CjLlUJj-jJI j-4 4 rtl" V fl 

iCj1jL___V1 JL___j1j t 4___LL_J1 jjj-itjj iStructural support ^jj^JI ^-cjJI L^_t_i 



6U_vll Jj^I 


o}L_.L__JI dsL^t _>___ j ■ a j t 4_jjjJJ1 jijll ^LajJIj t 4__j__-JI j 
--Ljj-j^l ^u-l 1jujl_>_I -_i__jjjj_- jJI - j-- 5 (ji^ <j»--- t>*Ai) LjjLm-^' 
__j_**j £_*, t Ijuaju 4_5jj_*Jll -_L__jJtl j_-_1 jro _>>- l-jLLuj^JI jl_jj .(en/ymes 
JjjLIj JM_w _>„ ^t j r... \ \ p tli y}\ J-_*_j ♦ I^L*_=-fj L^JlSl^i ___* g__Jj _jjL__j 
4 nj Uj l^ * j£J t^jJjjj^JI _jLjj_*J1 _y» 4__1__>J.1 ^Jj-- 1 ! (j-* (-3^1 <—>! j m.T 
_-J-j __ll1 blocks .«< 1 1 _ya 4__L_b 2lc j-4_*_xu - J_lL_j j_£j_ ♦ 4 tn Vi 
LL_) .<_;jLfcjt t__j-a- L^Lo '_■-<* J£ _---- c-jj^SLaj * J___J_- I <iV i V a L__jj Y * ___ 

CjLIo L^Lo 3jl_-1jJ1 Jjlo jLj sentences « J-^t» ^LjjSUI _jL-*5_tl J__L_J1 l__j 
_-_b \ o *s iL$J w '- * V l_3jm__>. Jj-_*__<s J.o- 7»t l aJ-_- ( t ilr I _jj^>*i ■ n ^ i__.jj-_>Jl 
L_j__- (j-d i4^|j J ____J| 4_±jj-oV1 ^-aL^yi Cj^ ,n" L_J__? __J1 4j ,,iftlj JL>JI 

4__JLJ1 permutations J-pLpJI _>* >LJ_i bj__ _>_J .4-j_>JI bMitU L^j_jL_ 

<"« i ii jt» 4_w4_>JI J____J| L-i-JJ (jf (J— -1 . J_J____) 4_AjQ_.7 L#J (jj^J ' " < JU__JL_J1 

_y» j-___Tl i t ___Jj-_>Jl ^gj" iii II _____ I j >jJj j J1 (jj_ 4 j i nL-ul <__LqjU ,a L_L_b 
j _J fl > _jj__J jjrii itl lfl«r*t jj Jajjjj i U n*^ 1 j iijal I i n _>jj n\C JJ^-J 4___j__>. 

___*JI j j 1 ^ *11 dj__t_-_j _£jJ1 j j n U LjLLo d»jL>ul _jj_L__J_ < « __ LLu jj-J I ^lj-I 

. 3j_3 1 j_JL I 4 jn aV1 ( j_s_L_-.Vl _yj Jo-lj j-;^ ^-ojjjjJ ^(Jj_>J 4_j____j JLuC 
<**<! in ^ 1 ^ t *4jM LuoLj_>- I C_atjj| (^JJJ - jJl-ys 4j^_>u ^jl ^Jjlj 1 _ , Q r 
_r-_ (jpujl _yj 1-->-1j l_LU__ J j <jj£j ^jl (j-Uj t4jM jjj _jL1jj_>. j;\ _>JjSo ___ 

(j__ £_j J_e 4_! 4_5j_U ^jjjj jJL-o Jj-3 ( jujul Jjj-JU l_jLj__j jlS-1 ; J_Vl 

£_jxw ijU j-L_ jt (_ U _L^ J jt i4 J*j , ^ Vl (j-al ^vVl _ya j j X _Ju_ 4jj_s__J1 
^■J-« S, \ t a oLjjj-^ j_i__t 4 jU-C ^jj-4_ JjJ_ JL_ 4_ulj_J1 ^j^l 

5jj U _y- jjL_:t _-i_- l_4ix ^j-l-^J V ^lj tt U rt 4 4 jm /VI _^Lg_-wVl 

jAj .^^j^-IiJI jl l>T *"^ 1 _y> l_1j j £ jt i_n_>.jj jl_u_ 3j_ ) 0 jt 

i4 j injVl SLj_>JI jj--> «lr> i r i » T ___ Jj_>.jJLl JLj__x_J1 _JJ j _)_: I j ■ *1 < i * . * j_j_oj 

SsLpJI 4_JL__u _;jJ1 ju_j_J1 ____ _M j_>J1 j^, , _U_ J_t ^^-J 

ALH 84001 ^J>j--1 j^*->-l ljt- ^L^JI JjU3 _jL__ * Jj__ ^ Lutj U_T 
«_L_jI» 4J__4J oL_jj__*J1 (j-a ^j-U^ Jit j-a Lo :J1J-__ ^j___ __!! 
Lijjj_i tijjei >LL-~ L_>1 j-_>>I ^l l_Jj J__4 l_j jU, j^^j jl.' Luj S3L_-J1 

. Jlj-_JI 1 jla _>_. 4jL>.L} 4j_4_J1 _-_- 



i«f je-t _U*_ I _j I <j-U»-l 

-j_t|__C _>_u ^cj LiOJJ _ j-J-ua ^Jj-?- _-- 4 _>_-U__~ _*1 £-_jj (jJ ft sj 

__£» 4 i 't i a\ _>--L<_->J i__l mi ^jUs l_U_l_> < jl — j__J~1 L_)j_jj} ___ 3_-j_s- ^ H<*it 
3l_j_v -J->-J <r i j "< J V i^L-AJ-ja 1j_-t I JU 1 o ^<i ;4 j^j u\\ j_-_*l_-_M JL__-t 

.<___lj_J1 jru ^L____!l 
4JjjL4 L-)j 7i \ _--juj J-~->' ( ' " i J .'*>"'.' '" L>~ (Jjj Mi-tlj _)_«l_J1 _-fl 

j___1 __JJ ^ol h <ut < rtMi"^l U _)U j__uj i4_JI>l__Vl Murchison Qj » " j hjj* 
UUjuI SjUI Jl_C _-Jj? JUj __JLi!Lj i4_ulju 2L^jjj__I1 __^jljj_J1 l__LLu_J 

tj-U^Lj 4_*Jjf __J_C >__U_- JLJjJ 1 4 JlLo < n 0 mi tl ^L___JI _)J-_3 4jI Ju juLc 

i^j-jjJI j>_*__-JI J--I-- S_j__wjJ,t l_iL___JjI1 IL__1j_ __j_$lot . 4_l__u (jj-_-J l____uj 

j_J 

-L-L-O-L ,4_LLl_-iVl _>_>_«_>. _M _>_ I rtl" V 4 Ujj VI _J__Wj 

.RNA UjJij DNA ujJI _-__ 4_J1 .n" a J_ul jj j-__-__j __J1 3j_jJL__J1 4 m. <i >J1 

L_J__J L-fl1 MH<_M LixjJ_- _)_> _^j_tJl J_5-->J1 tC ->J^ JJ^-J JL-O-1 Jt WM lij 

4jm <al _>l-iLj_-. I -JJL_vj i*±jXk> __1jl_. Jl*jj t-J_-1_ 4_*___1j 4_lLu-_ , I _>_5U_-Vl 

__£L____* 4_jVjj Murray _?ljj—« 4JjJ^a l_jj__-_ <U n . .< j-i-I _--j-jj j-^-— >• 

.^o- ^L_J1 ^ 4jSJ^V1 

_-_ 3jj_wjH 4,im a_M _>_>U_-_M _)t JL_jI1 4-j___ _y« 4j| jJLu t JU (jt <_-Uj 
_-__ L-_Jj («J i_?1jj-4J U J ' " J ' " Jtl^ _r- ^ J-~- Lh? L>^Jhf-J^ O-L^-*-^ 

_ > _>L___-_ , I ^lj-t L--J--.I 4___j__L_- __ic ^iia ^-1 iii f .tV1 IjLAj . 4__l_- 4_xJ__)l 
1jj____> J-Uj j 0 J_J tL >_ui c>-CJJ _va JL_-1j ^ J J)l _>_L-U 4 in flVl 

jl-_J j--Vlj ____*-Ji jlJJ U__j_vt _>_ijL___ Jla l jJ->U mirror-images 4_L5lj^ 
j-Aj <Jryj_ T ! _y» Ja___ 1jl-s-1j Lcjj _>-5j'-1 __ic 3L_l->J1 l_)jL_-I J_9j *m£j-_u_J1 
_^U--Vl (J _>.5H JUL-VI _>- JL!u m;I cfjO->J Vj ^^--Jl oJI ^jj 

4_JL__J iJjM 4_pL_*_J_JI __>UL__J1 _)- T L_U_ -JJL2- JL_J .llM fljtl 4-U_H*^' 
J__C5EJ idUJl _j| JU L-JJL_C ,3jL>.1j « JU „L>ol» ---LJJ-*- JL>-jj L-iJlLc J-J-^t 

i jjuJL ji» U_l_ 4j_j_u__ SJ-l-u j__v^1 _____ Jej-^J J)L^ _j^L>_j VI J->-t o' 

_Jj_». JL_ Ij-aljJ _J--^/l £j-_1 _)t ^yJJ IjJiuj .43_L__ll _>--5B_-u t dJoL__j-> *_ltjij 
^-jj 4j_„L..M jtl 4 M.^Llll _-_t ( 4j t n«tl __Ll3j_>Jl _y» JLjjJLl ^L_-jV djU-i-1 

,5Lu_-j_ f 1 3U>JI jj-l-» lt* ^LJ' 4jjU-o 


$L_»JI j~oi 


L-bL-*-*-! iU i \ <w t" <jl (jj-J1 j^taj 3Lp- _4?f (jj-^j-j-uJt J-^J~u 
l___-_j *l_U_ (jA (j__>_J1 (^---J . a jAjUjtl L^j^LjULo jl i4 j n<n jf 4jjLoU 4 j nat 
4 J* J <i jt l __L_jj_>Jl _ya LjjL__uL>q t_JLc -___-w jj j_j_J I J-J-- --1 jl^ t.tl j-i-u (jf 
(jl__ i-JJjJj .ur^j-uJI jj_4J (j j . a - > --jj-~ LiL^*-^ Lr- ' -^*- 

<4jj1 < ii jllj 

.SLpJt -j-^-jJ (_;jj_*-« jLj___L Lojjj 2Lilj_oVl _>_>_4-^Vl handedness 4_w^j 

t 4 j h« -M (jI-L-u-^l -<j->-J <j_L_f ___£. 3l_pJ1 4_tJL_JL j^_lj_u «^jJL» 4 i «ntlLj 
.^4-JLl 4jj-jj 'Mjlr l__*j <L_>L» jL__JI <j_u fJ 1_1 :c-u ->j (jf «^L-jJJ» _>-Uj 
j_;f_i J__o! _j_>-j c_j_o _^L>_ _M _>_« 4jj1 mi" a mixtures 4_^j_>al jj->-j o! 

l£jl "'jH 4_>.j_Jt 3_1 j < n L_jj3 1 o ij i < Jj rt ttl (flni11 ^j" i ii a Jjj-- (_->-jJj-U 
Jl_ 4_j_wjJj_lJ1 pL_jj_ , 1 4 jt<y r <jf __J1 _£jj- j__-jxu tjj n^tTI jf jo jtl 

_,!_*^-uJ1 J-Sfc_*J1 jL__-1 ___ LJL>> dJ^^LojJ _-w4 JLLOJ- J -J J JJ . ^J-"^*' 

ijL_- _ I ____ jj .4jJLwf _>_oU_-l ____ tij^tJ (j-> ( M -* ^j-»- ALH 84001 

___ 4 j n of _>_ol o -_ f Jj___wjj (j___i- — Cu _Jj_j__vf IjJ t JL___ (jf j-_"j_j 
jj_£__j _£jJ1 _ ^jL__J ^l (j-Iuu - 4_>.j_J1 £j_j (j-c t( ___itJjJli (^jjJJI j_*_>Jl 

.__l_jj_>J1 0 Jl_> 


3jj_i__j < n l"j VI i4_u1 Jl_J1 (j_>j^/1 (j_>j_____j f*J-J1 -UJL_JI pLaic ^_j_bL__o (jt 

^j-UJI j j < g"t iciU_ (__J1 ^Lu->yLj^ . JJ-&C 4jljjI Jo^ i S"*j j_i Lo__ 4Joj__Lq 
> L_» ______ 4-L__>jVl 3L_>JI jl ^llil miI ^yS ^j___u Vf L_if (__JJ 4_j_5tjjJLl 

____. d_j_*.j-« cluLi* ___J1 lLUj (jc L-cLcI 4 n 1" -V 4 _i)jjJ_ C_>J Cjj_^1_ L<uj__ 

Lujj L__rij__ll (ju pl______J1 j i r 4Jjji_J| -Js-^JI __ji____j t 4_uljL_J1 _>_>jVl 

^P-j-M _____ ___L__i ^__J1 l-_jjJ_JL J)U n Lc_l_j *(L__uf ^J-*JJ1 jru pLl___J1 

4 j > _>__litJ jrLJ___J1 CjL_>.1 Vn miI ____ __ m.-jj jJI j j - "t| (jLJa i4_;Lj| JL-J1 

i__M_iJl _yi Vj_jl3 .S-uIjlJI (jl-jS-J _;j->Jl L-_>LiJl ___ 3_j_^jJLl (j* ^jj i j^tl 

i 1 o " < j j-_>u ___ lOjjj j Hj a 4___4 (_;jJIj i(j^jjj__i_^JI cjljju ^^-LSJI (_;j->J1 
i(jj_>.jj,\ j ^tl (__J1 1 j 1 1 j j n 4 (_?j^>* lJ_^L__ __JJ ^j-JI l_jL-_j _*t <__icf j j " 

.(jjJjSJI JU__U_) I _-jljJ jjJjSJI JUjL__if Jj! (jjfl JJU_U j-i_>l Lul_L4^ ____ (^ J___J 

__1J jjnnlt (j;j_>Jl -J_>LJJ ^jLu ^|jL3_l__L Lluj_>-f ___Jt lujL_*_J1 _j_*_u! J_3j 



L$jf ^ f*--jJI <____. iSLpJI 4^_ti r~ ( ,.U __i_lij->Jt >/--Jl <O^Jj JL-^JI 
4_Jb j__4 3jj_j__u _£jjj _ j llj a ^J-^ L$__3__j? ^-ill 4 jn , fl Vt c) _sLuj_>.Vl £_Lu ^J 
_£ jJlj t^j^jjJLj^JI Jl_uL_-w (j>~ I j j *i < 3^_i_*-Vt c_)j__*__J1 dju_ ^Lua . £___!___1J 
4 1 ■**■" J Mj 1 if 3^-- J ^k»J Lo J / c 4 j / j ^_aL»->- -M ^Jj- I j^" j^" 1 s q] 4J_L__ 
(jl __JJ lj-_--J * 4-j -r 1 m <i*f itl jj-S 4 t itu^U (j_sj_*j Ls J___ -_jjIjlJ| __iL__u_>JU 

<■>!,.. ^intt -j^ ... A; ; tt 4____Vl j_JUj ^ySu _>^j>U _-_1juJ1 ^j^JI -_3>LJ1 

_>__jVl __!_. 3__-L___JI _J_jjJ_JI (j! Jl_>o L__L__ i_P_jVl ^Ui .. (__J1 Jj____jJt _>_- 

j_L___J 4_*_jL_, J_sVl __ic e__L__ -LujJ £-L___J1 __jl_-V L____j _ -__^lj__J| 

*4-u_u-Vl a __-U_-Vl 
(3j-L 3juu __oj-_>.| (___!! t^jjj _ jJL-a <Lj_-t_J 4 0 _>*jj jJI J->-5 iy&±3 

(_£ jJI (^L-<M-vJt < «j^j-JI (j__ jJ-LJI (j-iij 4u? Cjj_4_bi -4JJ-i t4 r*tl"V a 

_va LuLc (jh *r ..t^l (jj-o ^J Lo (Ju-tj (jJ Ll _^La ^j->_1 __OL__tl 4_j_c 

_-_->* jl i4-t__L4S_M (_>__L*_- Vl (j-JJ_U £-*-<cy (j^-___VL_ jUI _s__»JI -JOUJI 

i(j_*L___JI) Luj^sVlj ttjywjj, tj .tlj t(j_uX1 (j--i iprecursors L^L__J__ 

(jVj .3Ll>J1 jj-$_- JjJ- (_-_->- 3l j t-U ^-_JI ^L-Uj (j_-*- <<i*>Vl (jL_> ^UI jL**jj 
(j_J t J--_ ^____ -jj-l__j LLlLc t ^ . t 1 <^ j JL__ 4^j-~____CVl _-JL_ l J <i**r t j 4 ( n<i 1 Lj J^>-J 
<-_agJj ^-J-J - 4j_-i J_4___J1 (lL-\,^J LsJLuC. I JU_Lo jrj.-r, («^1 Jt.^o ^^-jJI 4jrrtL>Jt 

(___ t 4 Uj ... Jl ol_lj3-_>J1j __ljjJ1 (j_« jbJL__tt j__ jL__-__*I (^-Lc eagerness 
4_,j____4 (j; V 3 j j"'< J^l____ (_..,i„.-_j 4_-_>u _ oxidation 3j < ..<VL 3L___JLl 4jU*ll 

iJ_;L__jj t(j-_*-___rVl __j1jj _j -r *i u.*i LsJL-C Jtrtt "tL uL__Lu/ lt-J^J t4-ut j «i j< 
^(^-laJ 31 jl>--b 3.^ . .-_" Lj£__ 1_lj ♦ *i>a j In U 1 l^jlr ^j*L>u ^-oJI __j_jjj_>Jl j-4 
"1 <Vt (j! -_t1j->l I 1 ?Si qj i(j_3l^Jt (^--5 ~e_i_______ >Aj) ^LaLU ^-Jj_-u l j m jf 

-lltjb LoJL-C. i4-L_u ^-JJjlj j_U . i^ta J_4____J J tl . .. a J-LC (__>- (jp-b j_^JL__j 

t(j;j_»J1 L__M_- ^-Jl Cjy^r ' ».<Vl (j_a 3ja-_i CjL_^ ( 31__j **Ljj^->J11 4_pJI oL_j__Jt 

(-___ cijljJJ (j^ ij--tl» ljL£- 4__bjJ-U (Jj->-Vl 4_j_Lj>J1 JJ---J1 (j-Lc (j-? 

__LIj_j_>J1 ^l jJs t ^j t\ >J J im jtl L____ JL_9j .(j_3j__i_J (jl jl <4- * _ fl < *ij*n"" j! 

^ (jrA_>: . .. <Vl jj flkt positive adaptation ^L_*jJ < njC* j ~ . j ^j__-Vl 

4_*_~ J^ol t"tt (j-uJj t(jh.-r ( (. <Vl ^_L___L___Lt OjjJojj i(j-5j^Lt (Jj_>JI _-5*>L-Jl 

. -___Cj p 1 n< 



*6U*JI Jj_-'l 


\jjt J£ i4 j 3Lj_stlJ -t_vLJ1 j jU"t tj t jl t^LSt-ilt j i^j) r„*A\ <jj 

^jSUj ^__! 4_*jMJI cijjJ^Jl ^ Lg : J_Lo i_J_u_-_ , 1 _yi JJLC ^jjl S^Lya Llj i^jjj 
djL_b j___1j_Ij 5 j-a <<&a S_)j__J| ^jjo ^ji-l ^Lol _y_J SLp- jJLuaj (j? A^jLuuo CjLJLuJ 
I m l c C (^ J <*LaJjL__j 4J j nl, jljCi ^ >-~-"1 jJ^J _)! 3jj4__>A cA^-J ^u_3>u___| 

.«_)_M cjLL^yLi plc _-J_c lldil» :twin rejoinders _ry.ij__J1 (jJ-^jJI jl "»1 
.« jujJLIj jljJJL) ^ 1 tJ , „ LajlLcj .3L___J c£j-~-' JJ-- 3 lt^- »j 

Panspermia JtUJt jjm-11 

(jx cj l~__j 3L_>J1 (j) j_aj — sLoeJJ J-o"'- a c_JLj J-*-_sf J-aJu _M Lolc 
J_J[_ jlju . *iW ^Lc (__$ .cosmic seeding ^j-^ll jj^l J!>-->- ^j-J-l ^Jl>c 

Cj 1 U-w*>L-d • **- ^ jj|j ijjjJLl _jlg. 3Lj__>JL J t. miII ^\ <.*.fr*_M _--«-__ _)__ 
Cul A-lk 4_xj___J _£ Juj___a. ___ ^ j ^ j ^ f _ -"^ . 4__j_i_uj__-i CjIjJlS J>_>->j Jj^J JL__j___jj 

rjJLcu .«Die Umschau _-_3_.d1» ---u_JL_*l 4j_i*_VLJ *UL___a Arrhenius q^>jm &jf 
^__c jJ_.L.<m (jl L^_£L«., _ 0 °) Spores J-*-!-- 4Jjl_> j-^-JLo - 3L_l_>JI <j5 L$_u_s 

3JuJl>- 4-C>c-%_4 ___]! aj j _. i^_j_ae_J| _-\j pL-__u_JI (____*> -L___"1^___J1 ^L__-_Jl 
(j-/jj *( j frjT . 4_*_j*>La 4j_u (_-lf £jj>j_M OjiLc J^ajl 11.1 t-u_>J1 CjLuLSJI <j_* 

4__j__-JI __._.__. L__J1 _)___j (jf UsUIi Jj S tU (j-4-_ *jjUUI I_a-_J L__-__j» :M-jL_3 
_ jjij . L^-Lju 1 o _ * 4jIj-J- 4____ __)Ij (_____" IjSJI o -y. ^yJa 3jj_>.jJLl 

5Ll_*JI dJLA 4-iSL____j Lo (jL-C.j___ _ 4-jj i_r> » II SLp-J! ^I>_l (j-* _^5L^_Iij (ji Jj_a_-<J 
Jj__>j__11 4 jj_Lu_ u ___ * L___i_5____ 1 _L_j (jL_^ l-il 4j! ^j-uj-j m AjT < 1^_>.V , <(4jj ir< t II 

i-_t__j__JI j_^-L_ ^yJLc 3Lj_>J1 oL__j L__j__b _ujl_>J _yj Ajj 1 jJLSil 3Ll_-JI Jj__>I 

^-_L (^j-jj-JI jj--JJ (j_/ j__j_Lu_>jT |>j ^ _ o l^j__c JLJ-j . 3j_j_L__JL1 4 Iri "w,_>_JLl 0->u 

__3jJ1 __JLc cJi_) cosmic seeding ^-jjS-ll jj-jJ1 3j^S__ ^jj . J^L__J1 

jl_j-_>.f C<tjjl L__JUC ^j (>i H Sjjlj _-JJ 1jJL-*__-) Cjj_-a-_3 L^j! ^l .4_L^i_> 3jJL___J 

Lllo. L_jf ^l jl_s1 JLc jlj jjLiiJujjl^ .ALH 84001 ^>-uJI 

_)>j)_>u JL_3 Ll__u I (j>i__^jjJLL_l tjjl ]n <U 1 Jl_j _>aj . 4_jJtjj_x Jj___=> | _^jli jj5vJ JL3 
jjj-U (j-JI * Lu£'j__' r^a 4_j__- oL_jL_i __JLc _$>1_>u 3 j-it_i_o cJLo a llil ;_j^_j_i__5j I 
JUu n n _)? 31 j >JJ ^jSLgj J__b . jjL_L_b 4 j th j^\ 3Ll_-J1 C «C jj j 4 __J j ^l 4j1>L-- 
j-5c_->J1 JlLo 3j_3fc_x<3 _____ 4-L__» >5e_La t_jj niA\ Jn-J*>L-> Jjj t" i < ^ (^l jfxJ1 (j-_J 4Jr_j 


o±*-f :uj__ <jf >-> oS--j-U SALH 84001 0 .< j : n i 

d_.L>. t «4jLal__-)> 3jj_-o ^ys 4jL^i V La __JJ *L_i-JI _____ 2j_.L_) <-u_bjVl L j r.< J | 
4jj j *(< j 1 1 \ $ *\ $ * __1 m" . nl ___1__. LsLoj Sj._L__. (Jlaj I fl*< * 'SjJlL 4l__.L_ ^ , A j 
C-lJj-_>.| uj j 1 "v " 1 \ _jL_- tJL>JI - * j — jJlj ^LdJJ L^-tbj_»j Jj_*_cj 

(j"U^L-<a jl l__VT _y-_-Jj i_j_J-__j £-J-*aJ (J?J—— i _) -'l Cr^** LT - -*— ' ^ L) ' ^ I ! JL-gj 
<_——_, Ij tn^- g-l i r\ o\\ __j& 3jj_->.jll - J 7" • " ^ * ;H l3J—- * mi-M J--— » - ((j* * ■ -Jl 
5j mi 511 _>_« 3jL_>.|^JI 4_jl__>j_lJ1 _yO L j^>- ^_Lj 4-<l a ,ulj c- j^>- ^," >. _>-— ! i4-_*_-L__JI 
^pL-C _£ _ ^->-^';!> _j^_3 -L_l__m_M _yc 4_LaL__* 4jL_}j j___jj o j-ie-us (_£_ <a_>jL>JI 

4 t mi_M (jL_) .<J_lLj . 3L-____>- ^-*->- ^-rL., 4_-J-_5_-_-- JUjJ jl J Ml L_Jj_JJ (J_>.|jLJ __->• 

JjoL__ j_j_c j-xu __JI 4f>j-_>J! 4_juj___JI uUim >JI _____j _ cosmic rays 4_Jj--J! 
4 . >L_4_! Lj j "< j T I ^"i >. ^jU>j ji l___^LjI I _ *< oj _ c_ .5s I >-JI (jKj *J t>> nll 
.4_Li_3 cjl__>^_> ______ jujj (Jjojl. 3jie____JI ^Uhnl _ 1 _, '< 1 idormant 

4__>1 Jlj 3_ijj>.jJLl SLpJl (^-^--sej (j\ ^C-*_>Jl j j j < jLui L_Jj_u (_£_ (j-LoJ i_JJ jJj 
,_cL___Vld_L__JI _yo i«4_ij__Cj_< (jrij» 4__>j ______ j U> . ju_bl L-_uJ LcjjJ . 4Jj ( ) i mi 

. jL-uo LiJj_j_lj 4_A-i_ij_j ^-i. 4_i-___ 3-lU-I ju ( j o ' j . » j .dj_i*_____JI J_> 

.^-jjjj-iJIj i^j-uljj-JJ 4 t mi U j-jLJ____JI jfa Lu ;4 * miU 4jjjVI _yi 3j -lL u-> LIjlcI 

*;lj-_>.| £J-*J>- _-- ^JJ-U (j--J'j i4j^jVl dJuk (JLkj LJ?-iJi9 '^JJJ ' L ^ ^h^r^P ^ J 

1 ^ }< ^ j t — jLjj "< 11 j j^i < t4_ij->JI 4_*jj^-_j cjI <ij i h >. ^LjJ _--J tobject ^_i_u_>JI 
l1_____j__LI jLj____JI L_Jj_-L-JI u ~<-*- . JL_> (jl (-JLcj ._.->- ^jjL^ J_-_ 4jL_4_J! ____. 

j-_a_-->Jl J_-_ l_XL_i *>->.! _-Jl L___i^__C _yo j n inll jrt * (nl l jaj!>L~> Jjj t" k i j ^se_>J! 

^lj - ai-^UI 4_i_f^JI jL*--^ 1 c> ----- ^-J. ^ ^ ALH 84001 (.Ai-N 

l___VT 4_aju_u ^-i. 4__>jJ! jJ___3 I ^ << <u _-lllj - LoLoj c t -_-_uLlll jL__-ll __!! 1_^j ( <ij 

_jl 1 ^I^Ijlj *L_l_>.L4_I 4_j_>J! cjLuLSJJ _>_L^ t 4Jl__>J! djuk __9j .J__L_ (jil__JI _>« 

♦ 4 1 i^ill 4jjjV| -jIjjjLj ^u-j __JLc. SLpJI Ju__ _-lc Jl-j 

c_Ll_£' IjJ Lj_c j» LJ pl -i m.< j i .. 4-L-^jjll 5Lj__>JI J_lL>Jj t__.Lji.l_il jj 
jrij _y- j-j!jJI j c-JL_J! L-_ij_JI cjru c_L___l Jua cosmic seeds 4-_uj-~JI jj jl_JI 
j,<rt" Tl 1 1 *< cj . \ j ♦ m. II Cjjl->J! ! jl_^J Lj11^~i ^l *;LjI ___j .4 i .n<i miII L__ilj_JI 


i4 t U 4^jL-aJLl Jj-l- _j_<i (j-ojJ _-jj-*Jl jJ-^-l __jJ->- _>~ jli> Ijl I o 

(_--_ LtjjJb j <Vif Lc _---j_> Cr^ 1 2_j->-J-Ll 3L_>J I _)_o 3 Jl^jlIo ^jLe_4_> Jj 
__Jj___j (jUL__ ^La t(j^j) ujftjT -jljj iiiia _-Jjl ^- J - u ^ * -^J • J->-f 

iCrick l_Lj_£ 0 n j jj. L*_*j j <j^jj - .*Vl j-=*-£- u-- L - ^Lujl^u Salk Institute 
LjJI <_ m^jJ -_-L_i_L_n ___s ^ a! , ..t Jj^j 3jjLv ^-A-^ ___jL_u Jjl_oL>J1 __^jJ^j_JI 
4jjJ___ -*jj__j *Orgel Jj^jjI ^Jj^J <L-1 j_I_>.i 4_1__ JJ_j V ^jJI 4Lj-*jj .DNA 
jL_3 i4jj-tajjl _>____> c wn >.j .directed panspermia (<4__>.jJL1 J_^L___11 jj j ll l» 
( _£ji-- , 1 __>iljSlIl infect ^juu <jl Lv<i r OjL_-1 Ljj 4_u__>j_M £jL> o__l< C ->J,I 
4jj^_*J.I 4_pJI oL__L__tl (jj__» i^JjL*JLI ____j . L&Ja 5jl_L_JI 3L>J1 JLdLajL 
>j-j*-M 3L_>J1 J_>U_I _>__ cost-productive 4___K_JJ L____JL j-_ji-_j a_l>.L__I jifTt 

_AJJ 4Jj____4 j_J_5fc_J1 (j-U -r i t „*) (;L___- 4 Mrt ( n Jj^-Jjlj *--Lj-' JJ_X__J . L*_a__>. 

___Jl ja j« 4 m r. 4jLs _^l - microorganisms 4j^4_>JL1 4_u_>JI __L___J1 

i4___v__*JLo _j __j__uj L^jljjJo ^LjI (^J . 4_il__>JLl ^_jj1j_>JI (j-o £jj (^) (jjjjjjj 
t-JjjJ 4__*jL_J1 ____"lj__JI _fj_JL_«JL c-m n*n _)l ^L-*_____JI 4__j_____J o-SUj 

. Uii>__! <j_o Orj-l-JI /y» Cr^MJLl c-ll^ £_.__> J^U P v ) 4JLUI 

(jp* £_5- ci* J* 1 L___J ^jJl i ml l (j-c Jj-^Jjlj ^Jj>--' (j-o J£ J^L__J 

Ijl l-Uj Jt rtl ljJ-L>. -JJl_>j Luj Lul lj____clj i^jJ-.*! ____*I^S_JI t--«Jjl-J 'J---1 
3Lj_>JI j___j jjj-L (j__ 4j1__u__5 tLu-l Ljj__J iJj-Cll (___3 (jjjL_j_>.j L_l 1 i-r Vu iu\ 
4___ Jc-» ^jJ___ i_dJ_J 4_U_L>JLI jJslj_>Jl _>u j-4 jl (jjj_i-I »l olr j j"i r U . 4_l_3 
__JL_' Luj 4_j____j_ , l 3L__>JI (j! (j_3j____i _--Jlj iCosmic zoo ((4_ojj_L1I (jlj_L_*Jl 
__uj_C JL_j . jj_L>JI wU.UII J_C Jiuj . _^j_>- 1 3jL__i_>J 4_L-v jJ JJJ 4_jj-_t_J 4_?e_j__) 
^jjI j— >• _-JL_jji (Jj--~l diljl — l___>. (jl 3j_-_ ^u- J-j JjJj _j— >-j _>__ J_->-jj'j 

L_iJ_lj__-l 1 4_>^J__ij1 _tjLA 4 -r I m !, (jyt^LS^ \ JL-J-JJ i(j_3j Vl _____ SLi_>Jl cJL^_l__1j 
^_l J V*i < dL L^J _>_^L>J 1 3L_>J1 __iL_i (jjJu 4_jj__>j _*l 3L_*J1 jj \s> ^± (jl ^L_u_sl> 
(___JI i4_i_IL>JLl Cjlj.rt mJI j-l, -£ J Jlc ^ 1 J TtTi, L (j_u_Jj t L^_____* 4-jjIjjJ1 3j_a_J_J 1 

__L_i_ 3Lj_>J1 C-.Lii Lsl L__Jij->-J *:j-ll £-BjJJ (jl (jS-4J (_--J1j t4-^jl mhj- C__Jl_i Ujj 

j-4 j_u_vJ1 j! _-__) 4_jjL_J1j . 4 rtl" > a l_jL_.jI _--3 (jloj -*1 _>-<- 4_ul j **i * £__1 j_o ____ 
j^jjjL-j-^Jlj ij^jj-JI Jal-J- JUn V 4_j-l__j -^l 4_j_>J1 C-LulSJI 

t4 J ( _- J -*1 3L_j_>J1 JJj--> ^J0> _---_ 3jj_wjJLl 4-J__uL_jVl CjljjJI _-__J t_Jr->. Jj," lllj 


£_jaJI ,-JL_ 5U_* ____JI 


.^_lj_JjJ11j iJSLiillj t^^£Ui Ji_, iL p>jVl __!__ -^jj^j j^Ly _£>->■' ^b-^J <J^ 
JL>JI 4-xi__ Lc-_ ^jj5L) >-^' cjL-^So olj jJI _ j__ L^j-b j£ Ljl>.j 1 j__ 

L>j_o 1 _U- _ _j _*1 (^H-^ 4jjJ_u Jj-*- 4 Jljj ^LU! j-« -M _ l h£j£ ___» 

* _>L-j - ? 1 __JI 3Lj_>JLj J_x.jl ^jJI ^__L1J _>__ < ___Jt 4_Lij£Lil cjI ^ <n ,Jt _ya 
oL-c^JLa ijJ-^1 -L_*u_M j.j m.j ^j^JI _>__ _LuJj__ L» J5__ * JL- _£l _____ j 

^pajtj £_/a i^->o *1jJ e^?- Lr-- ^L^-al mi *i « oljjJI _ya 4-__ix>J,l ^l^j^l 4u_t_-__J1 

.^L_Vl J__UI! joi_ V ^l _L,UL£l_-V1 
itantalizing ^Ll___« 3j_L_ -j^*-« Jljj V 4_>.j_tt J_,L__J1 jj-l-J' o!-- t-dJjJj 

JssLut lJ-I mi "i^I JLlC i4_A___ 3jj_j_cu J-LI1 jj_jJi J__d 1 gTi a iL_jLu_>-l ^ **i j ( ii 
_>S_4J 4_u_jL_uI _§jJ_> 4_^Lj _-i-1» : JjJ>-Jj' c^j-^ Jj-^j .^P-j-*! JTjL>. 3L_*JJ 

cmI-w 3L_>J1 _>j-o Lcjj i Vjl 1 1_^J *>__>. jyo cjj^Io j__ _>___) _M ____. 3L_kJI _>j_L_ _jt 

li»J3_ - J 11, a 4_)j— >-) C.uL_> Lojj i LuLj . 4_jj£j-u jL_*__-l j| i. f$ mt 4__u__1^j L___ __J1 

__ij-4__ Ujj t l__Jl3 . j^_____I1 J \.i tJ\ ____ [^J-U _>_-lj_->. _M modeling ^Luj] 

L___j __JI 4 j i (i (ILj . (<4__u_4_»J1 jLe-jJI ___} 3 Jj__kjJJ 4_uj-jj_M _jl j_5__Ll1 __j_ 3Lt_-J1 

Jljj V _>_-j-M __J1 3L_>J1 ___L>J 4_^L_JI __>VL__L>. _M _Lu_ j_j-c->- o!- 3 <j---L>J1 
jl Lm< aij '_>^jVl ^jL>. 3Lj___ ____. jj_TijlH L_J_Lal Ijlj .viable _jj, iU"11 4J_jL_ 

_)jjjl_. _)j_L___ i L^j j m-J __juj_o_J1 ^jj-UIj 4_ij__>j_ , 1 3l_u>JL 1 (j g t > <"* _y3 !^L_> JJ_3cj 
._jj__J1 ___i 3Lp-J1 L^j j ^ tVt ___JI <Jjg iii 11 _^jj___i_j Jjjltj Jujll ^ _______ 1 _____ 

^j__ j.,j-Vn j j j fsl lj-L-3 LJ < h mi^j _)! __<-5_J 3l j-JHil 4_jJ_ J ^-iin _;jJt j-4^11 _jj 
4j! jJuu __Jt_JjJll __.ij.-uJ1 j_at_>Jl _)l ^___j (j-J-^-J ,SL_>JI ^j miiI 4______JLl 4__jj_L_J1 

. L^Jjjloj jL___jl _-J_ LJj Lj Lul-- i4__jj_ll _»JL_ _yo _jJj_3j 

Uj__j____j _-i-- j-Lu ulj M^jJt t___>j_5J1 __J1 3jj ^ 11 1 i ''s <ij i3^_SL_JI tf_L_4jj 

. jjjJLI :4ju1jJ1 4 jLmi <% mJI 3j-_*o_-_JI ^-A^ ^o-^J^I ^J-*- SL_>J! _^j____3cj 
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j-^-J m i jt i CjjJ_j ^j-jj Mitll j^__J! J1jL> 

4 . r„j }U1 -^ljSLtl ^___1 <uf j^JLl 

L r _lj_J1 cjrtJ (j-^j .3Ll_- <U_5 Jl>-j3 (jV *-M <i1jw| 
(j-sjVl _ _____ jLul _JL_- <4 t ^illl 4 iiii^ Mitl 

I o <j i a J^i i t 3jL--JI oLil L*^jj_a__ _ ^JjJJj 

1 o d j ^ 3Lj_>JI -j3*j u-W (---^y l£j-^* -__}Lc. 

4 0 <j J ^ 0JJ-__J 

3j_L_ ^LIjI U"< <\ rotation period (jljj- 

j_i_1 ^jL-J ^jit^H» f jj J- o! M icK»J^I u' JJ- 
jj_3e_d tilt Jj-_a (jj-J-^* J * Jj^ 4_l_ui Y 1 

Yi) (j^>jVl obj- JJ- 3 -* Jt*-* '^"^ £dj-»l obj- 

i 3 j 1 j->- I ^ J o ' "J-' 3 —J I j j « " T L__ajl (j^J ** 

I j**'^j" rt 4. I ni* (jii O r -JI ^jU i ii 4_>-jJ (jf L*_t 

dl_ix Juvjj (jl _£xj 5L_ *(j^jVl (j n^r __--j 

<__}__ ^j__3tJj *^>jJI £J>U J----u ^-Li *iljl___ ^ ^ J -Ci^ 1 

Jalj (JJJ>--I * J '"^ Cr^ (i^J-< l£>^-< 


| J U n 1 1 ^_c__J I (j jS_J J . c. LU J L__J j_4 Jj-L_1 


.<(4_1_>JI 


4JLij_ ^Lui^ j-a . ojhl>--N _u-___-1 _____ _>-_ I <jo k+^ ____ JiUL £jj-*Jj 

t>° J^LTU L__t}L__>. , _Hj 4jLi_Jl 4_>jf j iinrtl 1 r (*C <aj ^-I^-J .(_£_L_J1 Jl_J_>J1 

lj_ul__j 'o-H ^jjJ^ ^ U ■ ii (__!__ 3L_l__. jj->-j Jl «" --.1 ^j, v n ~Aj t (j__j_M 

i , 0 Jjii jSJI _*JlA C-jj-T ___J1 CjLlLjlL! : 4jjMj (j--5-3- *LlU__ *| j_>.j \;A* 
£J--J ^cj-jlSj 4jL^Jl!I (j^J t L$J <L_l_-.}L11 j-CJt d JlA jjJ__j 4j! <\C j .2 ^ _)_i^Lj 
Joi- 3Lp- JJ^-J JL_x>J _>__ «N*»- jll jujJLl _-Jj L_-L_uj! ___J1 3j » int,l l_j1j-£_»JLI 

.(j-«jJI oJ-i-a£- 

V -^, ^j^y, . , ^ ; 

(j-C L_._L_*JJ L_____»1 j£J1 ^___JC__w) \ g Aj _ _)1 " J r mL-_J (jL_l___J____-. (__J l L_b 

-L ^j-o-J- .^jjJLlj ^j-oj^! ^jrt-j ^Ls^Lj-J»-^! ^ tn » « o\j- 


<Tn n *i / 0 £ JlLcJ 4_jj l-ij i(j_3jVl (j-« j_-t_i5o j_i___o ! j-jjJLi j_j_1jlj i^_-*__>Jt 
J^i__^ j_jjjl _jL__ t4 ~A~ ^ j » r r» t < i i nj j . I $ " i 1" ^ (j_o */ \ \ j (j_3j_M jJi-it» _)-*- 
. 4__r t-i f (i __J__ 3_5j_>«jl! ^-L__u>. _M _■ !r 4_Lx_DjVt 2Lu_>L_>Jt 3j__ ^j-u J___i__ /1 * 
4-.1 r n gj < tn r*n *r J j_J>JLt (jl_- i(j n <i mt I (j__ Ij-JU-i <j_-j _M Jljlj ! 4j V tjJ__Jj 

^jl-j VI JUlj -^jlj-b 1 <t n > t J-ya ^jj-oLo \ "\ * _ \ X * ^jr\j Lo -*jtj__j (j « o miH 

J_t£i ! jL-U-A J_L_- L_Jj_5t_U L^j _/ lj---0 i J-LC ^J-lLo M _ ^ \ (jrtJ Lo (j (i Q M<tt <j_£. 

(jl _-Jl tjiajj -^j m <j Mitl (j__ JUJL__JI jjjJLl JuljJ 4-_?__l-_j .^jjJL! _j__ 3j|jQ___| 
(j__ La i n 4_al i ri <t ^-Jj_-o 4j Jj-L 2jj____o (j____)____i ^no r^ili <• j_l__ 3jl___ 

4___LL_Jt ( rli^t (j-fl J__! J « "l i rij JtJjJLl ______ 4__«Jj__4 ^JL__ Jfi (jl___ t j,Ki oJI 

Jjl_-L>. (jj .(j-aj-*! (j-a 4_«__jj^5 ^__JL-_i J_i ____, j___j (___J1 4 » miU 4 j < m <i mJI 

0 lr 3,..j rn o Mitl 3jtj__>JI l_jV J — 3L_>- (jlal ^jtj j-JjJLl 4j_a_£ j_Jl___> ^ ^ .-«_ 
^ j <V) j-_3jj ___iJi (__9jj_L_J1 _yi__ J_s___u_tlJ jL-_/ ^Ij-j-o (jr^ 4__Cj__o 

. L_bj 1 j_oJ-i__ I j 3L_j_>Jl 

(j-O ^JjJL! £-_}j-<VJ iJ_JjJLl _-J_- 3l_J__»- __J__>.jJ (j^J_»JLl (j-jJU- (j-0 J-* i U MjJ 
L_jL_J_0__> 4j_C ^JJj _> <i 0 Mlt l _>-! JLJL-_uJ! ^JjJLl JULJ (j! (J --. . _. Mi <1 Miti ^U___Jt 

4jj_v_J jujJLl J___*- ^j---< (j-c <l_l_: (j-ol (i V <1 g_lj I <t i j i i(j(M. Miti 3j1j_>. (j-4 J]_M 
i?juLj l_-jjjj <r i j **. (j-4 _>_ijoL>JI L___ij_-Jt jj_»j iJupiter mjj_L__J( (j-« ij j < n*i Luj__ 

L^J--> (jj-U (^y-Jt 4_i__L>Jl J^L_-J . 1 J Q-K L_-_>! J_CJ! f^V |X| J M »JJ (Jll^ Mltl ,j__. 



?_jUI ^jjmoJI 5U_> Af>9j I _>Sj_j _)_> 


_$5 - «v Mitl j»Li__JI _U___" <jLfl ■ 3 . tjruM-i 1 , V- £ , V __]| j>__- jlLa L-i-TjSJI 
tCjl XjjSJ1 _ya j j X 

. j LjJlI 1 j CiljLiJl _yo 3j1jj 4jL_3c_l^ _y* < ^C" J__ _ 4_^j_j_JI jLa__- _*1j a. t$ mJIj 
C->u _>"■ aSLn 4j1 -> i nTl o Ju. CjIju i4_<j^_5__-i |^ ^ t>>* - 4_3__J_JJ 
4__.j___ CoLjlj 4_j1 ~r niJI U . t L^_x_LcSol j-aj . 4-_u1 jJI \ $ " j 6L_v j_uG 
^U-JJI _yi La-^e_v j-_Ct jlj_ (J -3 ^ J-^ 4_jL^_JI __£> C___-u~ol _-J_- t L^jljj. 

Cj I q iin-y _jr\j CjI g|tVij_'l Cj_I ijljjjl _>_3J__J1 IjUk _y*-u3J .__JL>Jl u K i <1 tnt l 
^T-Jlj ' J^-' L^la J£ jjjj 3_LU 0>L__o _y» U_-_5-* JJ-^-5 <_-JI jL-iJl 

*:j_>Jl Jj>. jl j_A ___> c-_^jj_^ JS* l_]j->o .0) cjL-CjjSJI ^__J _jjjS___J1 l^jlr Jll-j 

^jl idJli JUUJ . ___-_* _>,,„.«. M.tl ^llrllni <_$jJI J t4jLr iiiU t 4_____' >-iVlj t(J?J>S»>il 

j-j_*JJlj iL___*lj£JI ___bj : 3 j j X CjLt_g_>u jj_4__ __J1 CjLSLjjSJI o'jj&> __j ^_L___JI 

.asteroids cjI^jj__J1 ^iajMj < L^J 4_*jl_JI 3jjXll 

*L_**-_lf U«_Ul J»i 4# £t j-All 

J_^ _-< iii J____ t|»l tUH J-> I _yo ^j-_i__u 3j_jJl____ jj-J_> _ya <jj__a 4j_L__ J__o 
t4jlj—j l_jLu4_v __!__ _y_L*ja JL_- _,_____! __J1 4_L___j Jj-___jJJ jJ-ljJ1 ___ l X, jjj> 

^lj mll Ijla c, <&~* jl_j . matter 3jUI _____ Jj_-__=eJJ 3LL_' 4LujL>JI La "i , „ ^ 

)l ^ iii _*j__oj -tlo Lxwa i<(___aj_x-_u _^jJI j_* <_fll o _$jJI» _)Lj J j__j __jJI <L_»SL>J| 

J_^ 4__Jjjl_> 3 J_aJ <, XjJ_T J_T J^o-J-U ^__JJJ .^1 i u-Tv -1 _yO 1 J l inl JxL_ JJLaJ 

^L^jJI 4-jL^j C_J_i tjiml ji~!j j-uS^ ^u__>. (j_J 4_*a-w> «LLL-ja _)l VI (_>jj_> VI 
__JI dJU- j,"i mVI CjI jU r Cj_Ij . 4_x_" _yo j j t irt II 4jj_*j LL j.jj^II l-_xjj_JI 
. l£ j->- V 1 CjL_ojS_I I _j j_>J Jj-__3l 4j__jJ_ 4_*_Lo ijj XII ^___>J| - l**X 3jLj 
^___*_a J-4_>o tjn«i niH _-II 4 jl <_aVl 3_LL1 _____! p i>i*il 1 n*j;' A vj^Vl 4jL^_ _--J 
jU--Vl JL>.i j! 4 j Mi o r lt }\ L__iljSJI JL_-f _>jj_-J CjLl-jjSJI ___) 3_j_>.jL1 4J-SJI 

j-j__n 4___J_j ;4-jn, fl uJI __-_"! jSJI j-jS^I Jupiter ^jlAil jTiwj . l^J 4_*jI_JI 3j-*jSJI 

J_-j Lal i _>-<i m.II 4___. _y5*l __!__ jLjj_ _ 1_4_SJ _ (_P_jVl -____' _ya 3j_d VU 

4l_j_ ( >r> 1 0 ^jjjjIjj! 4il__* jluj t_>_3jVl iilS* 3j_- 4______ j-L_-_ Saturn 

^j^JIj ^n-wjjJu^JI _ya J--jj (_;jl__LI ^__J_o OJ^ * L_jl-o ^ V (JJJJ-J i (j^J^" 
jJ-U Cj L- L u i - d _____ L-4J jS_J IjJojJ . _>-jj_-_JI 4__i> _yi */ Lj__j I _j^__lcj _>J-JJ1 



U-SUj 4j_l>____J! 4J_oj_1 l_^1j__J1 _,U ^o^DI (>c- o^j-"' __jlj__ V * _ o 
3j1j_>Jj .CjljLsJI lJjJ-I U-Aj Y^^Wb LJ^JJ^-,-' _y* ^j-i^ m< t lIM A"^ V| 
jLLUl ___J JJ-I j-JJ-J t_jljL_JI _J_>.| j j V t*M C_~LJ_ L4M jJ-jj ___J1 < u .^ * , f | 
_y» j_j_*>I _jL_>.1 111 A ^__a_ IjUlj j___""_*1 _L_-L_J jj -_*x_-J *_)ti <i uitl 3jLj_*_jJi 

j_L _ _>j t lo*ij L_jj_u l"_~>L_ __1 II j <3_LU _>__ j— j^I 4Jl_ ^ 1 r>~t cJ)l__ _____ ttL_J___1 

u .m<i miH jja 4_jjjJ_J1 _^L_U jL_t i_JJ_ _>_, (j" < *'« II t^J^J . 4_o jL_>J1 _£jJ- ^jj, jjiJl 

J_>1 (i " *_'|>-J u 4_>.j jj j j ^_5__jv CjI_ CjL_i__jj__' «^L-ul )) J_J- ^-V*. , 

J-" j- J . V i *J i-$jJ__ (jjjl i(3j---J (j-u.<-.uttl CjIJu jl jj_-_jijj .^_j jl^tl j jri-wjj, K j ^ tLj 

_)L_) (_JJjJ 4 -r ,J *M J . _,|-_1 jjt (j 111 <i nitl ^l_l__JI _ya I jJj .**) u _jj______JI _>jj__ 

_ jjjilj i^j^lj iSj-AjJl j OjL__C. __J_J _ 4_J_-1 jJl 4_*jjVl 4 j >n c m.II L_--1j_J1 
OJ- (j- 4 4 -L)JL>J! J i^jjJjsjJ _Mj *(j-> (X_Mj ' (Jj^jlj ' "II (j* 4 4.j ( 3jj mt jj_x_u 
CjL_4j_*_~ ___ j_?____*_U (jywjji l j^jtl ^ J -3-> _)! *fj) jt.^lj (jj_>>Jji t jglt j-i-U _j_>. j 
(_poj VI jJ___ < *im t _>-_ \ / ^ , * * * _y- J_$t I ^ii <i r _____ j "t <i _-"-£ (_-_]! j *_>->j VI 
. Lj-*j£ 4___ __JL_>J _y» */ *1 j__ I J_v 1j-fJ_ (J_u La J--CJ 
4_____»LllLj J)U O I pj' 0 ! 4_J__ljJ1 (___1j_J1 jrU _L--_-Vl JJ- (_K»J^' S^J-* ^'-^ O^-* 
!>L_ i4J__xJI j f«_at-*-l -li> _ys _>*-j_*l ^-fjj 4___j j__j id^jbjJI c--_j_I LoJ .djUI ^-1-. 

____>. j_jl___I j_b ^jJI iMercury jjlUr j t^j _M 4_l_' _y» /. ____. 4____4 ju)_ 

_yu 4jj__5j 4__i___ jJL__J 4-jr l_jj . _>_5j _ I 4___> _y5 /0 , 0 4_l_u_" jJ_lj * j_jJ.I O" 4 
4jjJ _>.i jl^ lLUjJj tL-Jj i n "itl _y» CjIjLjlJI £-Lo JjLL___: ^jU" nij V i _)_»■■ nitl 
_jjO LjJW L_J*L__ 3j_->jJI --t-ji-' < f ll*L<lJ (_JJ- (JJ» _yu__JI (_-J^J • LjJj__U (Jjj-J- -_ijl-- 

3j__J 4_5tl___u (____ 4j iU* i^iJ I Jl_- 4__^L___J1 j-c jJjj jJI _)jjj__JI jLa__a_ii _-J-J 
jj_ _;j__>JI -_JJ_JJ| I JLAJ ._>_>j-! (____ _yjr lo<.itl J__-_J_JI ____ 3j-_- 4jL_a JbjJ 
^J-J ^J jJ (j-^J-*! ^__t-_5_J L__ij-_i (jr^C- 0f- J mi*i J^J___ _£jJ! ^jJJI -JJ- J_j-___JL 

l_jjJ_ _)jJj_JI _Ll____*I _-jLi ^____c j_?t_>_) 4_u JJ j_- jj V i_> _>jj___) 4_j_>J1 CjLuISJI 
. (jjJj-JI _Ujj_T| __)!_ _ya t-rtj^ (j3_K>> -J-jLc JJ^-J _J-^J Lo-4 t-r lijntl 

Jl-U___*I __)!_ _)_0 L-U-t-> Lj>- L_^VL__ < f l-L<lJ jjjll (jp_ t_j__jJ1 L-<-J-* J-vO 4_J_4J 

_>jj 4jLo (jja ^j^>- _>-** J-^? <-JL__ __3___u_t1 J___c_J1 _)) 4_>jjJ (jj__j 4J__I 

> (jc jJLLII j t U n<i V *t1 J_J___JI I j__ ^j . (jJ_j VI j__x__ ____. -j-^jil J_Jl__J1 

. jjjJLl L r _iJ_i U i (i ____ 4j_L_J1 -LjjJJ Jjll_J1 LuLJLlt JJ i iif1*l _V__J .jjjJsl 4J__> 


?C|UI ^j>oJI __L_ _L_> __p£; _/| q1oj 


? «ju ;aiL - *^ **** i »*_i 

^ H ( mJ £Jj-U (j-ic ^UI _}_" t^JjJLl ~ k ■ " _-ic 4--L_i oLua Jl->-JJ (J^ L^*^ ^ 
,£j->JI J_JL___J| _jl ^m-» *L>°J-^ (_r-*- Oj^J""' J J ' " *s f o-j-J 4 ... <n -JjIm.TI 

0-4 */ * , ^ J-1 — *j I — 4 Mjf _ .U; a ( Y ) ( _ jr JLL--i *\ ^jLuij jj>il -=_L__j _-___ 

~ r O i mJ < < X J_l C_>u 4 j„frSJI dJLA jJ»JJ . (_>--j -*1 er— C _£j_isJI J_jL__11 
4__wjj j___3j_i i V jl y i( — LT- _>-*- ^ '^J * JjL_JI J^ miTL ^Ltl Jij__wjj 
_j-*I < <■ "j (4jj___a 4_>.j_ j q dol $ ^ 4__>j J VY _y. (_--Lc -* 4jj1 j__>- 

_>a J___ t _j_jj ^Lo jLi-j m^Ij ^L~ jL__j ^-Jl Vj_r*_l_« jj--ll cr-^ sublimates 

. L. < l i Ljl>- _-J1 3j_uj L-4 JjJtTuJ (, fl*i N*i j < _uv_t. jJI 4JL_L) 
_>C Ij j*W 4_*__jj_~ 4-uJua ___■ 4___i_o j jt^t tl.l ^UI ^Jl_> " . „\ jnV m» _£l _j1 
4_>>J-i JUC _-JjL l_1Lu_ ^UI _jf lj-x>. *-SjJ»J ) J^J-" jl ( T ) J--JJ J-« 'J^*-JI £-0-- 
_£jJI 4 1 11 rti t t m i .1 IT lLUj __?J_5_jj .j__*_J1 i 11 _£j" 1 11 <a JlIc L^jJLlLo _j_4 J_it Sjlj_>- 
_jl >■ *. 4____L_J1 <__i l___ L_a_jj"_? I ___} _j urtnll ___ 4jj___u_u _jjj ♦ <~u\ _j__jl_J1 Jjl_*j 
j_Uj _£_J1 j_b (_5>J>JI -_-i-__JI _jL_ __Jj__j .£__jjVI jlj LJ£^ J_u (^j-^JI .t"t <r>TI 
4JL>JI _yi t-jj-^il 4__t__L_r CjLcj___ c_tl ___) 4jL_j)_^ IJujj _jl jUTI plil 

Y JL_C _jLiiJI _J_l___i i>*-Jl _gj" ... <t _UC_a .(_;j-*Jl t-_J>LjJlj _§Lt_JVl j 4_jL_J| 
j____^Jj <"m -v i4__aL_JI __)L_^L_jj*_'1 JL_C _>__! 4 ^4j^__q 4_**jJ ^ * * ) C^L^jj^J- 4j>-jJ 

(°) ____jj j^ ^ __ic . _>___L___J mLJJJI 3j1 j_>. 4_vjJ _jl-5 t(_$j_>JI J__i-_-JI 

_>____i__J tj t jTI ^ln 1 n _gj " 1 1) s _jj__l JLysl 4_3*>Lj ^L__jjI ____. t("^) _jjj__j_L_o jl 
WO _jl_JjJ1 4____J _gjL-_jj ij_3t_J1 -J___g _£ j___u_o JUC. 4_lc_i_3 ' o-nt __JI l__jLl_J1 
__-i _-icl _£j "1 1 <i t. ^L-JJ -?l JjJ__l> _jl 1 ?X <tjj . ( 4jj_Lq 4->j j A * ) __ul_^jj_^_i 4_>-j J 

A* i__ul_^jj-4_3 4_>jj ^ Y • __JI j^iitm _jl jUTI 4_>.jj 3jl_-1 miI (j?jj>JI L__j*L_JI 

JLucj .^Ut _U->u 4____j ^-Aj OjL^jj-^-i 4->jJ Y Y __J1 4j_4_JI _,_5j OjL^jj^J. 4_vju 

4 " 0 j*^ _yi _ */ * ,*\ _ ^ / HO ^jja j___| ^j->J1 ___i___J1 cijL-jJ ^ i4____Jjl dJLA 

LjLcj (_JjL_uJ J__i___JI I JLA _jL_ i4__jL__I1 Jj 1 4 _j_aj . j_rc_J1 -J____ _gj im<i JUC 

. ( jVI JJjil _-ic ___t__u_J1 J__i___J1 J_U_o 
Jl_wJJ _jt _>^_4J * JL___5e__JI 4_L_____ __J1 J_l__jJ _jl jUT l 4 t-irVl t]rki ^"1 La JUCJ 

4-_>.jj X Y ^.JJ 4jj 1 j__v J___u J-j-b- _^| _jL_5 i-dJj _j_c Lu_j_cj . 4_L_L___. j xa 
* Ij-il 4_LjL__i dL_4 __J1 (J-ojJ (j-J ^La jLs-J __J1 jj__J1 _____ Jj J ' " L__jL^jj^-_ 


j_J1 _-__ 5Lp i*niH 


. _>_3j Vl ^-Lc (jjjjSJI J ,_ j„ .. . __->-) ^JLc dL______ r (jf 3; -_x I ---> ^jI Ujj 

(jja J->-M 3jlj^>J1 CjLkjJ jLLc I J " -> Jicu ojH^-H JLu___H ____) _jV 1jJ-UJ 

(Icecream) «Joj-JI ct*^ u!--* (*__) * - 4-j>-jj 0V _) c_j_^jj_$-_» 4_j^jJi V) - 
.q\$"ic\ 1^,1 3_jju _jlc d ^ U «__}L>JI jlj___*JI>> |j_a _ya j_i-l__u 

_jjjj-_J1 , \ . x , ... ____! jl_C _-Jj Jj--_-_j <-_jL>Jl Jl_lL>J1 I JUk (jir „_j La J if .j 

idry ice «lJ-L>JI juL>JI» ^___1 _£j__ujj .__u_£jj^_i V^ _ ^L-jjJ 4Jj__>j -jj^*-*^ 
^Ij ^Lul Ljjj? LLa * JjL_uJ1 <jjjj__]t jl -l. . < ___l_ jj-$ii> ^j^-c _____ * J^j 

>Wit iMI lJ-L» <Xl 0 , \ __JI J______JI jJ-jj _j! LLLc * J_L_JI OjWj-*-t Jl_j-_-J-1 

JjL*j _£JlI Ij tj^e-Ji i£>" .,_- JLic l£_H?-*' _-_i___JI t i_»f 0 , \ _£( l^J^I 

1 jjb jJcj .__>a_>JLl ^ Ljj__ \ To j*_c. __lc ^j-oIjJJI 4j j____j _£jJ1 .Ut .>JI 

_-J1 4jj1j_- ^-OJjJ (jl jjJt^J J-L__ _-J1 _jjjj£JI _U__i_J (^Ju Jjgr^n . uUi iMt 

4__jj*_Jt Sj1j-j*J1 2l>.jj t rt"jl iJ__L__JI Ljj L^Kj t C-uL^jj^Js 2L>.jj V ) _ 

Jol n""- _M 1 i X <i j i_£j_*Jl J__t-__JI t 1 1 >> V * j-Lj i U 1 1 o JUCj . JjL_JI j_l.V u 1 
.(^JjIa 4_wjJ V * ) CluL^jj-^ AO 4_wjj ____- jAjL- _jjjj__]1 _U__£f _-j-b 

«L» d__ft ____J 4 _W d_y_ 

_y_, 4__j-_J ^u^uu J-C^ < I rtlUa 3Lj_>J1 ^JJ 1 ( ^ V i4jj___J1 ^LJll 4-J_j_C (___} 

^LJI -ij-^j _j1 ^L" u i n V L»jij__j i L^___*u j <t"< fn1 (jl 3l j >J1 (jSL<u ___)! _-_jji_Jt 

tf»J__ (jwo ^jj»! n* i .il _ j->> J (j_3j_L_j _)1 (j5> <ijj . BLpJI ^ jJ (j-i-L-ul Joj-Ju 4_jL_JI 
jl Ljjj_~-Vl J___ ^j-i-i SjLa l-_j_G <jl Jj-itJu (jt (j__4J i -^jt . 4_>iL-JI 3jl__L_JI 

_jL _jI_jJ_*JJ ~ n ■ L-4 i4_L__jf MJ1 3L__iJ solvent c-_jjJLI jj- ^l mll Jj-__J1 
L_>-l_w LcLjjI _j! c.iitj ^jIlJI _jI^_ui_J1 butter Ijju _<__* t L^L-L JcL__3j j____j 
.^1 _>_l_JI -JuUij JJ__t_ ^JI ^_jj _>J iJLUI Jj-l-uw __ic .3jIj_pJI 4_jwjj ^ 

4L__UI JaUiSU 4____JL _-U_U J____3l _____ J__U V fUI _)! JJLU i(jL>- \j\ 
CjljjJI jJL-"? _)_- 4Jj ^ . .ij 4-JLc Jj_____>JI (j-Lu _^jJ1 c-ujJllj Jj i3L_j__>JI _ya 

jjjwj _JJ___ V _>_ojVl __ic sL-jJI Jl____t ^jaju jLJ. .LJL *(jj£J1 ^ 1jL_-_jl 
__icj . 4_jj_j_>J1 J-wljJ,! tL_ ! 'L ^ g (jSJj iL_-jj_-»-j J_-lj___ J_" ____ 4__L__ _»Li-« 

L r_Li_.j ^ i(j_i_-tl1 C_x__J _-!_- 4jLi L_l n" f 1 _-_C j___u _)1 I r OJ i_JJ_ (j-o ^_CjJ1 
. J_3 VI __ic 4_jL_J1 -»L11 j->i _j_vj 4jl__ (__S 3L_>J1 Jj-a-J j-3jj 



?_j1l| gj jjoJI _-Lc 8U_> __p_-. _,| ^Sjol, 


_;j->JI ,Ui irtll^ ILs^llal Sjjjll ^jic -j-^-J j-- 1 -- ---- _j rtj J__ 

_,!__ il_UjJj * j_jI1 ^U m <_____ «ii-Lu, 3jj-l__ _---i *LU j>>j Jl (^-iij j^irt V itl 

_^Uj l_-j_- t4_u____J1 ^_v-J| i__4jl_4 _^ »Wi £JjI1 ^Umi (_--£. *II1 -_>£*_| C_V1 gl-yl 

_4jj ___]! *4_j__j_>. l j < i j__L>J| (_>j 4__L__JI <?L_jJLI _>* l_»j_j_>. jjj-C-j _>{ 

j___'t j_J1 __^j__ -__>__" ____]! ^Lj _ I _U_ _ya 4-j-_-x_UI 3jl j->J1 ^yi-JLuJ r.hrt" ^l 
J j m"| C_4_- i j_»j_4_J ( V ) 4j ^Umtl C__*o 4jj-_1I Ja^J '^-JjII -r U i » _____ 4 U nil 
.4-)j-_JI Ji-b 4_>_b 3jj_u_J JL*J*jJLl *UI _ya -* J Lt-*-' J JR*J (J^! J-^-^ 

Ijjl__I 4 j . nj _>t _>_-4j j-jjll _J ( A ) Ijl_> _jj__4j___Jt _l_4->JI JL«_i_-l _-i*jj 

-__2SJ j-|j_3_l L__VT 4 m i gt, lJLLA _;j_-tfj_c_Jl jL_L_»Jl JL_L4J L_*J->. *0) 4jj J M i,,J| 

L-4 t4_L_>JLl 4_L>-LIt L__jj^J_Ji ___*_. j_uj 4j^_4j_o CjIj <i i**m mo __Lc (JJ>___jj t_>-3j _?l 
»-.U>J (Jt (___ -J>l_JI 4_vjJ __]] Jj__j _)L *II1 _y- 4l_Jj_ -jLlo-J -e_*__aJ 
JLJ_ (J_» M jnitl (_;_LvQj___Jl J_c_>JI ___ _bj->.jI1 Lj M^jtt _jf JC_jII 4___i. _yaj 
L-$__£J t4J_L_-JI o Ltil _ya j j <' j JL__ __J1 -__>.L_>. ___ I _>___£ L__>L__ut _j_™ CjjjI-J 
^j->o _1 LtUjJj ,S_U--*--U 4_)j-lU 4j inL-JI l__Jj___JI _____ C(<ijfrj ^JjJlUL) 

*f o i »** (jl _h° 4jj mi "-■ J---*I 4 * n l_^j <"i ( ii A _>->j _fl tjf I ! o ' X _j '« J L_>-J->«J _jL 

LoLc- 4_uL__ L^Jal «n"<^l _>-L<u ___JI 2Ll__>j_*I 3Ll>JI _j? jjl_j . 3L_-JI jj-^-jj 

4___IjJI ^iji>->JI 4-li___-J1 4jJU_>JI 4 ~r j n intl L-_>J i l_u£ij_i _y3 _>J j j i^ _>J I j_>. 

___* C-jjSCj ___J1 Lava ^_4_>JI _yo 1-ujl_- 4jjS_UI JL_>J1j tUUtl L^LLlU c__*_ 
3L->JI Laj o t"< < im cjIju j_3_5 ^_q_>J1 JLl>J 4 i mitLjj . _;! jL_ jj_*> Jiu» (jULLa 

-^-£jL_u! 5jL_ JL-lLk _ya -JjL^JI 4_L___1 _>£_ ( 4-_uj-__JI ^ULUI _yi 1 j y JjJu 
• _-3-jJj-uJt ^lj_*Jt Lj— ' J-L4J <"(tU 4_uj_L>Jl 4_ulL___J1 

lJ-1 iii "i J j (i < c t (jVl JJjIt -r U iii ___C 3L_L_>- -_}_-vj (j-- J-«Vl _jt jjL_0 

_;! (J|j_ V Ll)1 4___l_L>- ^-C-jj (4i_L_j Sjj irn dLII t j j **> _->.> _)| _)__Lq-j _J L_l_L- 

L^l (jr- 0 J>--*-^ _-^JH- ^ jL^! -----LcJJ ■* j-JjII _ Um (____ d_l__L__ -iLj a 

_jt (____ *j-j--£ 4J^' lt--- 1 c? j " (Jrr J j— Jjl^ _ Um i _)LJ_ t( j;j__>.t 4-j_>.Lj ^j—Aj • L^-U 

_jl t j.4 L-^ljj 4 ntV o tdjjj___ C j1 i Jj_S 3jj >J— ^ C__L__* 4l_l___JI i>L_II 
___ CjH irt j iit L^___>j-_j _JI j j mm 3j_jJLl__ J^IoLLo __j_>. ^ iCjl j__Jt J iCjlj_j_-__J1 

4jjL__ _>1_LjQ J_>.^J (-_(£j^ _j_4 _f_LuJI J^J_CU ^JjII J-JJLJ JL___ tjL-sx!_-_-Lj ♦__J__>II1 

.-Ul -£___ Cr !l J __u _u L___j_r __j 1 1 4_*j____ ^yjLc 


4m£$JU1 ^ J *11 »mJI tdl j**-! 

<j_* J__'!_ , 1 r. <jl_u1 lJLu-i *4-«jJ iiii « 3jl_>Jj 4JL_>. cLS_jJI jc Iju ,tj 

1 , 0 J>Lv l____j__JI (tlj-^t J-J-^>* ^ 4-Uj->- C.lj _i. 1 > I_>_a 4-xui-^ uA\ L-oiiljSiJt 

i,j_ojS/t l____j_> £______< _j-J-C CjIj j t^tl jJL^I C_jJ__>j . L_-v_^j^-_J JuLo ^Li (j-uMj 

Oj ih t (jr-^y^"' II JoLi-LJI J i n rt jj i<LU L-jj-9j 4-_r- U i ( i _-__C 3l_j_>Jl j j ^ lo J i^irti 
(_-__ 4_j_l__j S/l 3j mi rttt (j_« *1j->.? j <itV*tj 3 j -.C-t, i j u.a 3jj_____j tjj j *rT (j--Jt _>-ojSn 

(j-o l-_jjJ_J1 (jjj_jj__JI p tn t a jL____vL (j__>j^M jeJe____ ^^lc 3L_j_>J! C-_oL__ . 1 $ <UL 

. _jijjj_\JI _^ 1 1 u f ti _jL_jcj___JI (j « -J_jj L_» (___. ^jIl-olj 1 >,U >. 1 1 ^Uiii 

_j>jjjJ_J1 .tj inf>t ^-jLj J-Li ____■ _ _jjjj__JI jUs aiLJjS j-4^1 (j-Su ^-J jJj 
<___jL__ 4__Ll_9j J->.L Lij__c < t M ur-Tn L iU >■ jt _£j->J1 1 * ^M-c jj u! j iu jL-C 
^J-c jjjjiJI j j mi <? ^.jLj 3jj— __ j_c L_>_L_ 4 *i \L-_> supergreenhouse 
L*1j__> 4 j i>>j^l 3L_x_>J1 c-__c? jl_l__ t L_JJj ^-11 ^Llo^L . 5jij_>Jl <s>" a\ 

jjJj__J1 Jul-uS} _-JL-J er---- «-^-^Lc JJ^>-J (j- 4 ^JLti. L_JJjJ i t j^_?-__u«_rS/L 

4___jLa_>.1 4_ajj! (__j_ (j^_C_u _2jt (_$j_>* l__s>L__, Lu jJ -c_j____»f i(j^j^_j_*JI (j-4 < Vi jt-*w 

. Cjy^ t- . lA ^l 1 (j--l _j-UjQ_*_-J <(jr^Jj_L_J1 (jjO 

Jl_3 3Lj >JI <jt _-J1 (io^t (jr^) ^ljL-_l _£? ^jj (jt li Ka\ V i jjjJLl ^-lcj 
L-jlj-jt It ^i*^^ JL__ Luajl JJjJll j-^J *c- r^jSJt I Ju-> ^-Ac -L^jL-u-o o1j-_Ju l__jJl>-! 
_»Jl__ L-jl I nrt Jljj Vj .^-jIJl-C L_-_Cj-_* ^-Jl L____J-i (j-A 4Jj__>. U-4 ;3 j i_ l , « -4 

^jjJU V (j^-J-_-1 J * 7 *t lj (jLJ_Ci_J1 (j| ^CjC. jJ i4-_____4l___ L_j1 J J.t-"tl 
tOlj j TCJJ ^jL^-l ^JJ L_j1 j 4-J (jL-_> ^JJ-II (jl J_t---JL L-3 j-JU (j-5-JJ .^J_L-_jIl IjL-^J 
l_i___ ^ CJLJ ^y-Jt 4JjS/l (j-C J- Ll ^ J .jL__VO>_J Jj U^J iJ_-J____JJ '4jjL_>. _»L_L->4J 

l^j-j Jl j--*-_*--l ^ !_ m *ifl <itt ( rtj ts\) (jl Ja_9 3jj_>-j_>- C-jL-b ^l *i u i it V 1 

A s * ) LLj ls;^ o-^ (*jj-oJI jj>ii ot ^ ajj^i ^ju >u_ alh 84001 

eyj-V1 44pJ_» U_)U i£_t| JJ-kll 

(_-_. 4 Ll*( .o « *n^\ <5jJ___3 _g J t ** i j V Cm.-- _ Ij-_jJ__lo jJj J__a ^Jj-II (jV IjJ-aJ 

t ^^l**'p" (j-jJI l_j1jJl_J1 ^-Jl j____ij 4jL_ - (j__sjV1 4_l__i jJ-C 4__Cl_t jJjJ 1 <i ijj t(j__>j^l 

^UIj tj^jj-UJI Jlo volatile 3 jj! tv< a l_jL-j-^_j JoIa i>.Vtj *jL*l>.l <_-_> _p2»jVl 
(__j_-j__J (_?jj>J1 l_5>LJI L_4__« jj^ _-JJ1 oL__jI1 (^j i(jj_jj_CJ1 j j-i n - ST T (j-jLj 


?oU' ^JJ^I Sl _-'* ^?9J O 1 lA^ J~ 


L$j lj_-i-*> -il-ijlj) iBjLJaJI jljll ___3 1 _ ■ - ..'» | jj _Jj-U jJj Ju9j .jljjJJj lP^J^' 
4AjL_- L-4>L_o _£jJ_*j JJjJLI jl_> it j_L__J1 l> l _^- j Cr^-J ♦ J-^*-*-^ (_--* 4-*J____i j_a 

♦ L_*jjjG -*Lt1 dJLA C___ij_>-1 i j ___. <-_-_Sj_xJI ^_-_u £-0 (j£Jjt ^^"^ ' " (jr— ■ 
j^lo SSjjLiJI -_jL___ _M ___a 4jjL^ _*L_lo 4j l__jL_> £JjJ1 (j! Ll3j^c __u_' _>_Jj 

0 y ) «jJjjLa» 4-jjI ir> ntl 4-____jJJ C^Lfl LoJ-J-i i(jj_3 J-^J J^- ----- Ct- 2 * J^--' 

1 ~r i r-> C-Lu! cr^^J i jj_toJI dJLA Oj-$J_> I JL_J .l___-j_*J1 j_L___ J-oL_£ j_jj_______j 

*Viking «jJ_oL_)) P Y ) 4jj1jlU (^L____J1) 4jj-*J1 -J_>L__jj Jj______JI _>* Juj__i 

2_Cj_w Jjloj ("ntj L$j! OJhi--' jJL>J1 J__jj _--Jlj iSinUOUS 4_**j__ua oljJ_3 ->J->-J 

J-5-M _____ jl__Ij JLLoj iCjI j A\ 4_eL>JI jL__j-_Jl _-J1 4__L_bVL iLo J_L_u 

. j__-_1j _jLL_j __L_. ^LoJJ _-_^LLg (3__J-j _jjj_>J 

jJlj *frUI J_-_ M_t_>f j^jJJ _--_ aJj_Vj Jx,1th11 JL-p-jJl JjL__J1 (jl JL>OJ 

(jl Lo__C t Ijl mi**hI _. i ii <i miII ^UaJjl j-u_»L— - £-<_uj I _>x (j-Jjl _j>_~> 4jL_j_v_w ( jj < \"i1 
^___-J1 (j-C _>____JJLl _)« o miII £j irt\ P T ) u ii jU 11 JjI__JjJ1 jl l^ia ol____ ______ 

(jjjjSJI -L_-Mi*?t (_-J-J (j-« 4_j____uj 5jj (jj_£__j _4_l < r <"i n I 4_j_5tJjJI 4_o_i____J1 

J -l I^ _>-« jj-x_J I ^ o -r -_, J-oL_T _>^ 4_j Lt, I ____ JL_-1j _>-^ Uj>J>- _>J-J t J <i ^"U 

_^j_>J1 ___j}L_JI _-__s jl-wjj cUI jLi__j *Uj_Lj_» 4_j-<i__i (j! .water ice *U1 

.c-^jSJJ (Jj^jJI 

c_-_>j_>J1 J-«--> jl Jl-l-iI __1_C. O -_-_-t-=t_4 LajJ 4_) _>__ ^cJ J^Jj-ll (jl J-SjJll 4__u!u (j-aj 

^ 3j_j i < 4_3-jj __J[^ ^(jr-JaUI ___ _>_>j Vl __!_- j--aVl (jL__ l «a__-T t planet-wide 

-»l jII c____L_i t 4 mii _>__ _!>!_> 4 juji __J1j__- J__jl______- i JL_- _j lr j . j__J_>l__>J1 

_)_a JU^*i c_jL_i j__L-wo _*! -»L_i_4 (ji J_<^L>_1 1 (j-Aj tjujJLI ^ln i u j_-L__ _^j__>_) Sl^LjJI 

_-_—>- c_-4__-_J1 eilj _____ K o m> j___*I jL_T _$j--*Jl l_3>UJ1 (jl JuVj , L__jf 4oU i» 
^UttM iUt irtll (jii-.l ^U-J __J1 4__)L_x__>) t j-iJ_o j__t_ii 4__j_9JlU jj-_b 4- i< <n 

«gjj-11 (_-_-- 4Jl_L--j -*L-4 -ij^-j^ ^Lo inH ^j^Ulj t(____-5 

i^j-Jl Loi .___L_ijJ lULIu _>__. L_____ Jl_5 l5jh>J1 L_3jL_J1 I JLA (ji J q, J->J 1 ^j^oj 
L^Jlj-i ^-st-- _>a-> (jl ^J (_r-— i^-> _pJ-i1 ji ___Lo_>- J_i 4-jJtjjJI (j__lj_J1 _)! JL-*J_- 

ji ^ylc LLoLl__ >LJ_^ J--4J U_4 mi <. miTI ^L-_-JJI ___e JL___>JI __1__| L4L0 Jt -rj 

Jj5j t _^L3-jjjLj4JI L-iljLc. 3^— --1 c^i Cpl i-r^^>° l__jL-__J ^L_*_o _)lf> pj-ll j--v__ 

CjL_ulL_JI ___£) C( ( _--J1j i_J_-^Jj__JI J jjJj£J1 jLi-Lufli __J_JJ *(jj>J>-J1 J J' n^! 


c_j! jlI cjljLtJI _>_jl_> ^ jh-H cjLl^ __JLl_- (jl juVj .t_^_j_-lJ 4 j tUui!I cou 

< rtir^itH £j--_- JiLj-- i4jjL_iL>Jl _.<$ nitlj CjL-jSLjjSJI (_£i 4 ,.n j ",-__« Lj-____J1 (j_o 

.4_1___ UtuMj V , A Jj£ C.gul ^^JI JUJL__JI 

ju>L_a ijrj^ljail ^ya djljUJI __L__u1j bombardment « ni^ttl Ijl^J 4_*_0jj 
^jjSLIj Kj o <r . Lj__>_ La^Lc _j^_____JI ^u}L jJLa iLiL_Uf <jLi> * juj-J v^j--' <jl 
jj-"Vl _jj£j ci^b ujhL>--N jlu-_?! _---> : _-1jL_JI (j-* U_^J- (JH* —__L_g| 

Ljjl_>j _ru_U1 _ryL_> (jj jjj .*U1 jLitjj * j-jj-JJ _-JL>Ji l£j_>J1 -_s!>--AJ1 _yo 

_4jj iL__L__bl 3j nitj _-JL>J1 _£j_>Jl iU» irill SjLjJ w 4_vj jj 5j_jj_^ oLl«_o 
OjL^j j_£_- 4->jJ V * j TY _n_> Jjlj-u 2jlj-=- J J^J JL <-_ 4_jL_o 3jj___o *Ul j_vj 
^j_>JI _-3>L_JI _;jJ_=-I Ijl .dUj (j-o ^^o-LJI ^-Lcj <_£] .( 4jj-Lo 4_>_J_ Y^ _ * ) 
idj_* 4_Lcj _)VI 4jj__3_j La _-_-C JLjjj _)jjj_LII _Lj___-*I _-J-j _>* 4_L4_? _,!-* j_jj-_aJJ 
Jil jJLol j_* i_)_-j _*1 _-ic __5_1___JI fUt iMl _>* / "\ * _-JI Liii-?-' 'Ut irtTI J--JjV 

^Ao _ TY _n_» Lo _-JI -j__L__ 3jj____j *UI L_$j__} j_>-jj __-J1 SjIj_>JI oL__wjj _;juo 

. (4jj_ofl 4_>.jj AO _ • ) OjL^Jj^ 4_vjJ 

_ K<i iN j__f_1 (jl_C jj>-JJ _-jIjuJI (jj>JI -_-^L_JI <jt l___-1j_-J1 ^UIr jl__1_u 
^L___yi J__L__JI _)!__> IjLSa ._/_! _>_-jVl _._ ^L-it 1 $ .V> 4_£L<. <_JI ^ Ujj 

O^J? Oj>_L/-*-M M J '" ^ __--> J*-_J rUrt 4 -dJ_ (j.ujl'4 i^__Ujl JL_ _£j->JI -j->Lt_J 
,UI 3j JL__) t Ij-ai-T _) in*4l J_tJ t_^j_>Jl __1J*__J1 ___ Jj_>-jl,l ^UI jLtJ J*--J Lu_u| 

4__la_5 jj_vj (jl L_ «v-_T *_-!__! _^j->JI J__JLt___JI ______ J______ .uCi tl MjLlu ^L-LJI ^^Lc 

, ^Li__-I <_Jj_- 1 jUajo Vl JjUflj j V ull (j-4 djjL <jj--* J*>^ jtUI jLtj (j-4 j-i-il 

4_^JtU__y J>]I?^M : «^-1? 

4juj! ^-JlC JUjj U JjI- 4oi__. (jl^ ^jJl ----jSJI j__j _ ^-jIjuJI ^jjII (jl_3 tL __JjJj 
_»LlU (j_4 _j-Sj 4j OjLS" _ 4_L_g (jj-iLi < nirti (jc J-_j dj-o-C (j__b L-sJlIc i4_L__ _nj^>L 
._)^/l 4-iic j__ U-4 L_3_JLa__>Vl oLla jl LjIj u.,ti __U___j j-j_T5 (J^iH" uS^Lcj i4_L_L-_J1 
ij-kll JjU(jT 4-LoLSJI CjIjjjJI CuL£ La ^-JLc tj n n~> »1 JtTI (j? ^c. jjj 
(^ljuJI j-Jj-11 -f Uki _-J-C C« JJ Jl_3 jL___aVl JjJolA (j_-J JujJLIj ij_5t-L_J1j 

cJlj La (___!! iCj1j_L_JI c__l-_j jl__v 4-L-L miJI _»L_jJL1 <j! ^.ic 1j______jI ^jL-d i _* ^\ 

CjL_>j___JI _>-__-! AJJ Cjlj CjSLa _---J1j i4____ _ruMu 4_jujf ^in o JL-t i 4__jj__-i 
. 4_4jJl_3 4jj_5-J _-_Ulj-i!u JojU-- Jj->*J Ji-1 jJI (j_o j w Ul _-_J1 4jjLSj_J 1 



C*bVjJI *^>** J^>* t* '^Tt dJL& dPjJdl iUujVt '<Lj_>^jji,l (j^SI j .n j i ,t 

^jdlj (Olympus Mons u a^J jVI <jU>. ja <jj£lj-JI ^JLc' u! •(**** Jt LH-Lt-o-» £^*»>*J L^i^a 3jl>OX! 


<__j-JI ____ SLp oc <__»J1 


<j\£ 4JSJ <_-JL__J1 jjjll *_ivk> e^l jlJI gj^l 

jLstJJ (jjJjSJI J-u-u^l _---} ^j-c 5 o> iMl CjL-*£JI _)J <■*-. ajv. . L__j? i J**'^ 
j-JJ-J» S-jLj (jjJ-- J-*--* L$jL__ _>3-^l 4^*MJu Sj_)__kj j c, Cul£ (___J| ^Ltl 
*1j-o->J1 _jjJ**kL_t!_Vl jLat_l_s-l (___!__ (_£_)->JI -_3*>LJ1 2jJL_t (^-Aj t«4j_j_*jj| 

J_>L_u <_JL___ < |ju_ LIajj ^ .-wj . L____L t_____>-_J1 JJ_u ^LJLj ^ ^ — M 
5j_ gtMt c____j L^jjIj^ J___u Martian equator (^jjJLt *Jj___/_M _____ 
f^j <( *__m* *->-j- Y ^ c^P 0 ) ^UIm- ^J- V • jt V ^l 

< rtin __J_ j ii ir^tl C_->u 4_>-jj *1 * • ^j- 4 J--I *!"J (j<Hrt Vi1 4_jjlj___. 

4, iij.t .X Sjlj-_>JL -lol -kVI <_____ (3oj3jJI l£jh?-I _J-}UJt 3jjl__ _j1 jj tJ_JJ1 
_Ja*}L-J1 _>-«■ cjIj_-a 5j_____ju K <i iii j *i l£j— <-Jaj*L___ -j->-j) *4jLJ_U 
^i__1j jA-ila _____! c--K jUJJI J*>Li- jcj^II 3j1 j__- 4_>*jj> rf ^ <<^L_>JI 

f___ CjJL>u («^-jljJI JjL-Iujj L_liU» j n ,m< mi 4-cy.j.oi a ^-9 . JJJI J*}L- ___SJi 

LJ idlu- 4 <ihi 11 o-ojt)) ^j-c _ John of Gaunt c__>_>- oj__^ _ _dU1 

(_jT ^-^J cr^-J . «4_L>J1 < h <rn -*! (jJLC 4_L>- (j-^-3 _JU_ ^JJ-U 5j-_->l_>- 

_)f VI 1 1j____>u1 __JJ 3jL_Ll 4_oj___>J1 ^yj- C__jI_> «jtJjJLI 3^j__>l_-)> ___jj_*- 4JjJLa 

j i "1 «j <«4__>JI < *i i ^ i t(Jj_2-_"1 _j JU_. 4__>»» : jtJjJJ ^jj^C 4 *ill-| _£ jJI ______ jjJI 

jl U a VI C__L_t \ flj ir t4_L__ _/_j^L) 4_»jj! Jj__ t^-JjJLI j__a-__J Lv j L___oj 
3l_j_?_i] Si j _ 11 t__5jjjJ_J1j 1 1 _ «i <kr*~ __3 JL_J (jrj_* 1j_jJ1j i_^JL_j _LJLlj> tJ_t_Lc_J 

. _jlS_4 JST ^ 5 J__ljJjQ 

S_J_>J1 < 4_jJu_ J^lJol (jJjLtl ___j1jl_J1 ^_)^_.<JJ __iJ__c_ _$jcJ1 L__ 

t_Jj. "i n" L-4JJJ .dJj_l_-4 5j j < r> i 3j ' (jJj-^J I t-iOJ iJI jc__j l__ i i 1 c 4__jjjJ_u 

CJ__aJj->- ^-a-JLJ _jJl_c-xj Lais ^Lj____jJ1 __JJ _j ^jjiCJI J_i i ■>_> I ______ _^___u 

■ » ^ iJf_ILuj * 4_j__*_jjJL I 4 — j__t____J| ^ o u _jjj__jj__J1 J t <u s\ ___L 

^_JJ <J_j_j____> 4 M*S <"fQ irtv1 1 ij M ^ i £ L____-_J1 __JJ tf.LLl jL_3_J _y__AJ __)J __J 

/j^ ^ ^LJLt _j_- j » ^l 71II Lof t4 j j tnntt p 0 nit L__L_>Ji JL-oi>J1 
^J_x__ _$J--* _>**_- ^S-^J-^-^ ^^O' ^ J ^ > c?- 5 ^■jj- 4 _--_-> 4_j I 1jL_>- Jq." "hU 

' O^J J_J^* 


(j^jj_xJl J imi ^.jLj _ya J£ <L_J! l_jj-___j (^jJI o---^ £>-- L_dj____utfj 
(jl_C jc_jj_xi_J ^^Jl l__OL_UI (j_o -_^Ktl cLl__o L_v^ __--_>■• I 4__u__i_v (jL_> i^UI j-itjj 
L____ui Jlij t(_£j_>JI JL_iu___Jt (j__LiJfcj| -* ♦ jajjJI 4Jl_lj (___S _£j___ L_a j-jjG L^J 
<_-!__ ^^-LrtJ l^>^JI l__^L_JI JjV ^j-s-Jl l__}L_-1J 4___x_9jJI j_ub jl,V 
(j__L__stjl j-aj .l_-_j__JI -r t-i i n (j_« l_jj^_4JI (jjo 3jlj->Jl J-Uj L<l- *J^-t -_i_1jj->. 
Jj (4UjL___o oL-ua lJ^__L_joV 4_j___s j_B -U", « J-_L_u ^J TtJjJLl ^ji_3 ^4 *m -ijlJI j-_J _J 
Jj-JL_fi SjLjj (j-LC c-JJj J-L---J , JaUI ^-J. 1 j t ui's L-J-b j^S-J <jl C~"~~" ^J-^J 
(_5 JLQ j-a_JI JL*_>Jt -Uj_x_J ^L-JLjJ iJJjJLI -r U < n (_-___ _ya ^LJLl ^ L-j-liwl 

. 4 j 1 a 1 1 ^4__J| 



_Ijlc( _)i L*£ .lSj_>L_ll _LIt Jjl_u Vi J-i jtj^il £____ _J__ 4j>LUI -_jl__|jJ| LjI^1_UI 0' >JUJ 
4_>M_j _j(^___tt jl__ci juj_>_> L-U5I, a ___- £tt^___tl jL*_j_i __s jJJJI 3j_jju*_Jt ~* tW KjM Ot_s_u_!l 
jtJ^JJ -j_5Li_Jt jL>-_- _"l t n<^> r _v _*___>» _>_c j^S_L_JI a___jlj Lo _-ic l_L___cl <J__VI ____ 4_L_ j^jMj 

.(«t__Lj» 4- l£j 3j5-_») 


£j jj-JI i»J* 5U> 



jjluj L» (oiajj <Margaritifer sinus ^j^jii >Jb ^j^jj ^ ,„ ^ _--i_--iti ^ w n 

«LaU _yJ) 3jj m.H > fl irt" *r - ^Jj-S jJjJ ^jylJI 4 t j '^jj 1 __0j___JI ua5 ^-a j-i ruuj .-14J-.5 Cj_<_»iJ (j-aj-». __»__" 
(j_s IjLLco LLSL- |j__> ^Ij-l>iJI j-xT> «jj .Sj-^oJI s-L-b j1j_>_j ,j-«jJt j-« <lLjj-<- 3 j_l__J ljji_*.j __fl 

.(«L-wLi» -JL-j3jj__j) fcssil Ufe 2u^__*VI 3U>JI _-___> L$_S-^^l^>_»jJI J j_--__JI 


j>_Lj _jt J-o-L^I I j-* (5Lj-4 T« ^j-* j__Sl 4__>j__ ^Juj _£-_Jfj «M*.- J-S_i jt_i.lj a_JI j-j-iSLTt _;_ljJI t-L* 
t___j>J1 -u.I.-hH jl (_;__«j__-It _u_»Jt jL$__u( cLLjI <__i Ujj ij-Jj-U £_c-uJ ___wL_-- jLl^j-* ^.Jj j-j-j _-J 
.(«L-U>» 4J_Sj ajj--_») ljL_u a-C-all 3L-2LTI >-_>-) ___ > < u.n ^ r _wL__4 J_tl__ jLu_u_a __j__v __Ij _£_! U-« 


Sl^UJI *UL ^LJll ^IjlJI ^JLi Jj^ L-JJjJ ^LusJI jJbJI 

3 j i ij Lxyjj » JjIj-j-u Jj_>-jJ <Lu_5jJ_> ^yJj j n"i gj t LaLaj c-__L>. ^JLc, ^-Jj 
£rU £jlj--U £>j *i 3 JUC *4_L-u ijj-iLs SLjLo ^j-ja jJ--* 1 ^.j tJJl I JU-) Cl»jJL-w 

Jl ^jjj^Ji ^IjjJI c_jjl>. t 2L_^>JI < J>L>-5 .rJ^. 4 < m tlr^^W ^Uujtj 
^jJI SLj^tJJ ^IjuJI c r< *?jSJjj i ^ jJJtj 7r In i n ^jlc. SLjjsJI j>^j 

.^t 4j3jju 

i(jJojVl (^jJjc 31 j **J1 J____- I (j-c d " r, , .. 1 ^JJ LiLudjj L_«j i<L_3j_ju Lq ^jj 

J_i^j jJLcu 4_jJ_c SLj_>Ji J>>-j)J 1 j ^ a (^-jIjlJI jjjJJ (jl ^-Jl oyu q\j j mij 
Jj-_ ^r-ljLJl jjj-U ^^k. Cjj-^Jo 3L_>JI l_-uL£ jJj . J-UjJ 4__uIjlJI Ja>J^\ 

\\$ >I^j ^jJI ^L>JVI jujlAJI Jlj jjLia t 4 ) > ^j-u^L <L_ujl ry* c-jj-J-j Lc 

SLj ^JI jjl ^l iJfc _^>.Vl c_-£j-vJI ^-it LoUj 3l j >Jl iZ<h "( ^t J-A ; j — * f>-J1 
jl tVnl (^--3 i^j_Jl (j-j-^- 3jj C-jL-> Lojj Jj tL^j jjJu 4_LjJ__ jJiLa I CjJl_>-j 

SLjJ 1^1 ~r<\ 



. j_J->JI j ^*; ^Jjj -_____» if u 1 1 j^jj-SJI ju___CI jj-ju j_« j-^JJ ^ ■ »j * -_4_J_vdJI -_«_«_! I jj5oj 
j-9j-_j 9... jjJU £--»--< (j-ic 3Ll_>JI J>->J JiJu J-4 i5L-4->JJ l?JL2>-^ ^i^J r*-U_ ^o-Cj ^j-icj 
.(«L__Lj» -JL-j 3jj_-») 3, u>%-"J.1 4j ihrtTI «JaTI j-luu jt LJ-iLg-i ~_i_>J* OkJjLSLtl jl cUJjJI 



jaJI ^-lc tU> ___»J| 


__JI 4 . mwTL JL>JI ^_a L£ <4J_L-J1 A-dl jj^j pl" ,,n SL_>JI c_ol£ Ijjj 

*£J>U L_-_J_£ ^U r .i _-JL_ SL-L_>Jt _J-J>-J jJ_jJ 1 _ _>Lq j }-__ t_>-3j_ , 1 ____. 2____>J1 
J j. V*m <jl L mC »- j . j-Jj-ll <_-__ SL_>. JJ^>-J Cj_H « *! _ > . I ^j.jojk _--i-J V l__]_ ^SJ 
jj_l__j J-Aj - Jl *4 j jU ritl ^ o ntl C<"*J L4J Ij n" mi a CjJl>-j 3L_>JI _yj V K j 
ojLAj . __j-_j_JI d->l mi*JI JjujL) {yr i n" _-jJ1j i j^>jVl C__>-J L__j^__tl ___} _ J____3 1 
4_u yi Jj_>u L^J-CJ . _)-M _-!>■ _) <S>«U jLpJI ^-^-J _>4 «4_l_5j_>JI CjL_| jJ| » 
*>jj_c JlLc Lg__5_j ^LaJjJI jj-j _--JI ^L__-*_ f l f<____i __jJI 4_<u__JI ^-JS ^_i-__L-i 

jlSLo jujl_>i_ _-1c 5jlj_>JI 4__wjj jl * m." r <il jlcLjuj _)| _>SLJL1 ^yaj . jjjJLi 
,j_L-i Ljjj t L<jJj-_- i 0 r j__a___u L_l__i j j___£j jj__o _p_j *_M l____>u j___LLa 
Jx___ _-__> j___>JL) ^j__u <jl -^ju robot explorers 4 n m. U cjLjjjjjJJ 

3L_>JI JLSLlL I _>__*j L$_l_ Cjj <i" t <il 4_j_3^_> Cj L_ j j" 1 (i <t L^j I Cm"u ___ Ls __JI 
^J____ j_d 4i_l miII _>L_JL t ljL__ f<^J (_J-- i 4_L_u (jKj^L 4_*jj1 _yi c-jj "1 n~ SjJL 

.£JJ-U C--i^ 

J_,L_-VI jUjlWI jj___i <___. j-L-Jj c!__u_ « L4JJD _-»L_Jl J£o <j _M _______ 

i^jjJLl £______ __lc. 3L_=- -__1 ni" *s Lj o^Jbtj 1j_L__' <jj Idt ^L-d-JI 4___l__c _£ jJI 

cj>L>.j 1 ~~ ^__JI 4-._tL_JI ^LlJI c_Jj ^--Jl _>jj M..tll cjIj-LcJI _d__ JljL 

___{^_a]| j^*->Jl _ys o^ 1 Ij olr QjjJlj ^jtjjJLl __J1 -=-i-LL_ 4-jj1 i^trt tl 

4-_jjl ^JI 4_>_3 j_U ^jjJLI grUm _-i_. 3L_- l_JL__) c___tL_T L4JJ 4_t ALH 84001 

JL_4_'l _ys ijpO^UI CjIj mi r J-uaJ c?J--- p .t 1^1 n" *_j ._jh 1 m t l (J^J^ 

_JL__> c-JLiC jjj i<j-M ^jjJLI ^tU 1 11 _-!__ SL_>. L_JL-b c-___ jl L» jujl>u 4____j__ 
4jL__JIj ___>L-_-_*l 4-3-jl 2__j-*X -Ju_ 3L_*JI J-^Lui J J Vi j-- t Jjl__JL) 3L_>. 

.4_u-bj_'l 3L>Jl (j^jj L^JLu 
^-.J.-ijJI j__-c_>JI Jj-L>J < n mi< J _)l _____ J—at_ _)5 __-_-_>• L . Jt 111JJ _>w--jJ 

Cy> ( j-_-cj V <±m .4 , 1 ^ij ^ jt DNA L_jlU jM ALH 84001 
( u ) J>L_j^_J _p_j_t__ _)l jj j ^jjs _rj-u-JI c>j*>LJ _-_-jj _)! CjL1jJ_>JI ^j-A 
_>_^ j-*_JI jj3 DNA L-jJI J>U_.I Ijl_u^ . j j-£j jJL__f CjL_j>v ^l LL K rtHI 

2__J-__ __J___3LJ 4_OJ___JI J (M^ 4 Jj».*J _)f J-OjJ-OJ L_iJ_ L__J-__JJ ;4_L>jL>Ji 4 -M ilt 


?JOl gjjoJI L,ic SIj-> ^pgj o 1 


DNA UjJI^ l.L-* _>_□ . I i t j , " Ul ^LL^c ^ 

SP 0 ) 4L_l_Jjj_>JI 4j__jJ_>J1 ^-LjJ3j l_jL-__' <_-__ j ^l jJI ^g-dsjJl (_£jj-a_3__jjJ1 
(j-« 4 frX (_--*) Cm,,, j *l_v I aj * 1jj___>L_j._ Cj__- jJ 4_iX j-*-J <j 1 jjj I *j * <* 1 1 I JlA J_l_-___j 

*t «Ul t^-iSL; jj-^LbjJI DNA L»j ^ 1jj__. ^ U» ,( n ) jL-_*j_4_-JI 
Ujj DNA LjJI _jf t LcJL«J1 i «j .4__- 3 L__' CjLIjj ~- reconstruct »1 m, m m,V 

JL>"^- -M JLlju j_o! tiJJj <j£J *4___jjj_J1 _> j^J ^LajlU 4j *ij3 >. 4_*-£**jJ3 4_jjJ C_jL_* 
I iiCgj (__^ jJI^ i qLj (____i (_£Jl11 (j-dj-A-JI jJlC _>__. jiaxJl «-^-^ 1 - 3 ^ *lj^ 

(___. j___u jl____s iJL. (_£? (_5-L-J * 4 < ^> t n\ j_2u _y»j iAjL^JJI ^L-c jj_L*JI 

* WiLJj' - ^jj-AII j^--. (j-A-l j! * jjjJI _-!-- 4_p- cjLjL_> <______. j--«Vl 4j_£_ 

L-4-_r - ^ujIj_->JI (j_4 c_Ujl£JI _»j___ c_jL-> jJj . jjSJI (_-__* jJ-.l (jLSLa _;! ____} j! 

(j_c jJ--JI --3j jj i( j__>j _ 1 LlI 4_-jJL___ _£jJl JLII J>L->. _>_-! I Jl> ^LCbe-a JJLu 

DJC4J (j^L^j (_$jJ1 4__xjVl Jl j_< jL_e _ L__jj_j>-jJ 4_j < t -b_'l 4_*JLJ1 _^L__JLl 

jrU t-A^LL-^yi j 4jL_______JI 4__>.j La :jj <j mi 4J__ 4jL__*-VI 4— i >JI oLuLSJI 

(*J-*uj <3L_>JI _y» _£j->- VI ^lj_)Vl _*Jl__ L«Jl^_-ju (__jJ1 t4-_u1 j 0 J^H Cj^Lll n*ill 

JjLuj \$ *j o v _t <i * tj J_a> : JLJtl J j i f m (j-J^-j j<-_>jVt SLj -*J1 (_-_a L^^LlL-i 
4 — a i lu ^lO^ cr-^ -^l ^l L__j! ^-Iaj I jla Jaj 51 flin<-n replication ^-__L__J1 
Sl^Ur j 3jujl>JI L>L>JI (jujSu ^__So_j _$jJ1j *DNA LjjJLj 
-4-1 L_______*Ij t( j__j^1 ^jL>. 3L_p- Ljl>j LjI iJL-JI Jjj * a (jr- 0 - 'l&J '^J 

. 4 j <^jVI 3L->J1 4-^jLi____-_3 (^jJI 4 , ,t n\ DNA LjJI £jj j____-__JL ^j__0-_-j 

Jx__ I J>J->-J __J1 ( I JLA (j-4 j-_i__bl 3^___J ^J J i"tj _J 1 ^j-L-CJ I 4 JL_>-JJ (jJ * j Lt "tc 

(___i -Li__L (^jJI ^-jjSJI jj_J1 (__J1 ^-JLlILj iSLpJI (j-« jrjUoill >L£J l_Jj_____4 

(j_-x_v jJ j j j 1 1 t-.(.lr ! Cjj jm, jJI j-*- 1 !^ _£ j_>- 1 2_-u>-L J . (3jL mi 11 J_____aJ1 

c__L^ ^ _ 4_j__j_ji >UI 3L_>J1 JL_Lf_! ^uj j-i! JLa_^L£ 4_>JLl_-J 

i 4__>j_rcJLc 3jj_i__u 4 <i 1*< ir a 4-jjI j <i , j*> CjL1<i r JL-C-jl- Jl__ _ \ ^L-ol 3 Jj__- j_a 

J <a r ^ j r " I t3j j i ^ 3jj_-__j 4__a Jl_>Jll oL1j>_>J1 (>o ^lj_! 4_^L___>yL 
_*j__s (_£-jj _v--j . 3 jujl> 4_j_- oLi_l__ 3-->- (__JJ _^jJ1 j*c___u_Jlj i« L__L5L>.)) 
comparative 4jjL_J1 1 j >jJ> j <H ^ jjjl_>. ^Lc -L_*jI ^JI cjL__^ ,1 >.VI 
4___u>JI ^Ijj-^I cjpu (j-LIj t4-t__yj_ r l 3L>J1 (j_o 4vih^a j_l jru j-^J 4 biology 
(____ (j-o_o __-_______-! j-aj iSzostak _JLl__ijj <____>. Jj 3j ,3Lj__>JI (3_a Jj___JL 


4__.1jJLj ^_JJ (_?jJlj t^-L-JI ^j in i n ^-t!ujL-oLa ^rt mm ( 4_uj^j>J| Lu>*jJ^uJl 
jla i 4___J*-4 SL>J1 -»-__- (jj-™* 6' ^Wp^ lt^- jJ Ljj? J_«U :5LpJ| J__--I 

. «(3_*J IUj-cj* j-~ -M (jj^j ' "'^ *4 rtl"ir^g ^J 

<____!! 4_l__j1 >UI 3L>J1 JL_L_-1 __JjI jl *Jl_-11 Jjo^ (_-J-c * jl>_ LuSL^jj 

LjJJ 4___l£ jj ___. 4jL__- *l£j^ ^lj V< t »L replicate ____L___u L^ ______' ! ^jj 

2U jl_c!j Ml ^ljjtj ^jjJLJI (ip tf n H L-Oj o r j____u 1 ^'i<T iDNA 

3L->JL <j-_>L>J1 DNA LjJI (j__ ______*_ oL_j_>. j_4 cross-linked L&» L^L__u 

4_C a J_-a-ULJ £ —_->-) 1 JL___-I a ^jl 3j___3 3jl__u _JJj -Ajjjj .4_j___j^M 

3jj>.^il oL_}^A__-_| ' *A<",,.j i-L-gjl mi o -U_j_j_>. <_lLj CjLL_jJ1 j_4 <4jLl<i _ 

3L_>J1 jjlaj JN *" ■ "I 2L__u_L 4 nUlU cjLs^JL-JLI j_« Ij--u-> IjJ-_ J_u__ L_ajJ1 ___. 

,4jLL__ Jjj___*_ J_*-t (j_- i1j-_)1j__-> jL^ Li 
JjL_tJ (jl <■ i^j j_5 j__>j t^L_u j__ C_J-__J 1 ___> _£jL___Jt m >J J__J 
(jj<"< . « SLl_>JI (jjo mJj__>V1 JLSC___Vl (j! Jj-itJ J-Aj ^lj-Ltl (jj-i 4 < L-o J-i" 

3LpJI (j-c l_La (jSLJ J J___1L _4jL___-5 DNA L_ __J_xuj 'L__L_*_j 4^__J1 3jujl__ 
LMJ-JI 4 . m,j ^(j-i _j DNA LjJI 4_j___j L- L_£j _>_iJ ___-! 4__u__>jl MJI 

4_j_<4_~l CjL___«!j-jLc _ ! dJL^J <jj $4_j_jl_>j _M SL_l_*JJ 3j ,j <t U j i Jj!j_4_uJLj S^jLo-U 

>UI 3l_L_>Jl (jL (jl^lj-l-^l (j-4 J JL_*j (jl LLjic. i J^dVl -___(___- (_-__- t-L-€_--»lj 

j__>j _ ____L>JI (j_al j-t--*! 1 j-->j .4___>l_- L_____lj iL_L_- 4 j mm (ji jiL-j 4_u__tj) 

J_L 4_jjjL__a L r __>o djuLLJ! (3-j__>_ , I 4jj___J jr\. tn , <t ^"U CjL-Jj ^-Sj (j-o 

4____j 4_uL-4__t _jLJ_4__ __«__<j L^jI C i fn JL_ 4j *Xjl ^Lll 3L_-Ji (j_J , Jj__uJI 

i__Ljj_La (j_4 (jj-C-u 3L_>JI dju_ Jj-4 c_j_? IjIj t4_i__>j_ , l 3L>JI (___> L_p^Lj_- 

JL-Li I 4-t_u (j-4 jJ-it 4Jj^ mii SLpJI (j_4 £j-J! 1 J_- (j-Lc. ^j-J-u (jl -c_wjJLl j_4-3 
dJL_> J_> ( j_3_jj__u Lli-wCJJ . 4_j_4_ajVl 3L_j-_»Jl (j-C Ij-_j____* < nl"< ^— J __aJI 3l-_x_>JI 

: JIJ_*_i (j__ 4jL>.^1 (__a _ 3jU>-- ^u-t (jL -_-1j_i_ VI jjjJo (j-c uLI j_x- VI 

(P-___ - S ( j__j_ f 1 (_-_£. 3jj->.jJL! SLpJl 4_j___>jI MJI 3L_>J1 4_j-_-j 4__jjJo _^Lj 

MJI J-~^ Jjl Lj___i__ H _ J j t 3L_L_>Jl (jwo J_Li_1 -JJj j-IjL UjlIc 

_U1 miII jJ-m "<U 4jjJ__j 4-j-_-1 J m ^ (j_c CjLjj-UII (j-o JjL-A jJl___j t 4__i___j5 

(__!! Lu ^jiJj ^jJI JjjJ-JI ^JI L^-L- 4___4l 4___ L_L_5___c_j iPanspermia 

, ji_V1 JUU __£j-T _-J-C L-JJ__JJ 3L>J1 JjU->1 ^__>U 4 IM.I ifrVl ^^L_dl 

■ 


O-jil H** ©_* »L* __J> : H*l 

^JLc 3Ll>. JJ-^J Ju-o 4jj LVt 1 1 £J_L>JL1 c____>jj 4JL>L_J1 Cj\j n<i11 ^^Ja LLcJ_ 
JjJ- 1$ jlf ____£ ___!! __JLj _ya jj_H 4_l__a5 _j^fL_V_L>JLl aJL^Jj .^jjJll £____ 

u_i>__J1 4n iU thinness 4__j _)_" __J_j t jjjJI ^-JJ ^L-J-Ja CjL£^_<i J-^j-* 

4__wj ____. -_-1j-_ J_S _)_o fJ ^jjjiJl j j ^L _>_« <JJ--U l£>^ 

oLjJ__Jl__ *U__JI j-j-^w p L^j t d] 1. _-JJ 4_^LLbVLj -4__1jJI 

i_-__Lg_JI jjjJI _>_— J 4 _£J t4 j-g.LJI 2L_j__JLl jJjL-J _-_ L j j % 1jj_ <-. < t-lj 

J — i__-_JI jl Jj ^-L__ -J_JjJ .4 jj ~r„ "tl (jJJL) 4. " j .^>L-t_a r< i m V (jJjJlj 

___JJ 4_Jls- jj ^L-j — _U (Jh -J _j1j *L___J_ _____j____u ^ J fl i^"m ^j j j > jJ j J J I J 

___c landers 4 ,.j .u^j! cj! U a g_ <I_jj <j<tl Jj ^ _)Ijjjl_ JIj *£__jjJI 

. SLpJl JJ>-J ^ic U_l1jL_tJ _yC JJjJI L-_-j£ 4_)j_ ___ ___*_J1j t4»lr>ni 

4__uj L^_- __LLuJI j_£l __J1 *Ui_J1 jJ_J ^J^ 1 

£>JJt> ^CJ_V-u-U JLlCJ 

_-_bj t^P-j-M ^Umi __Lc L_t__>. L_>jj_>fj _^__LJL1 j>jj5 iLii£>j£ _-L_ ^jjJI 
juj _-L_ i_JL_->j .Antarctica 5j,4^."U K/KjLuj 3jL- ___• 4_sL>JI ^L^jJI 

C_LVjiJ 4^>LU1 4j ,n njJI _-L-_jVl *Jl__L-_ JU_*_M CjI j m , c 

^.li _,~ J-*-^ __JJ Sjl_L_JI ^LjjJI oLaL>uIj JL_>J1 __>L_u! l£-*jP *5__3e_-l1 

( Lj ( < u 4-j_3 J_) < m T (j_4 J_)5 JL J,L>J I J_>J_l_-u 
LIokJ j-_j _--JI t Kj*«^jL__5 3jL_ 4 j rtj _>-__- __L-J ,c__j-___- -Jj 2>jl i C 

iDry Valleys 4_jL>JI o^^' *l__j__JI juL>JI iy* o^-y* 1 <?^^ ■ <> 4__o__ 
. jlj.Lv II _y* Ljjj__j 4jJL>- iRoss Desert ^j-ujj *Ij_3_j__j L__j1 <<r> __iJ! j 
__>■ jJ j j J I <_____j_?I *(jLjjJI ^jU < i) 4jL~L_JI C-Ij, \tt <U ^-ic i-tJLu-j 
Ji-I j 4_up_-JLl oL_-__>J1 ___j___j 4_aj_3j c_j|_u_i Friedmann ^LjojJa iSj-*\ 

. Cryptoendoliths jj__j__J1 

4_u ijL-lll c_jLL_j _ I _ya 3jL___ja CjIj 4 ut a ^ljJI ___ ___b __L_jI_J1 dJLAj 

_j_a Ijj__> 4_jj_i____J1 jJ___-/l a>j __3_Lo L^J a Vt" ___]! symbiotic lichens 
^JL-JI _j_-u _--I1j t3j1j->J1 cjL>j_ ___ 4-__vL_I1 <_jlj.jt.rJlj i2L__jL_J1 S_jj_J1 
(j.n mJI ^j_uo _y* ^Looi! jl_JL 1 ^ j IjjJa __Lul_JI <?jl_> _____jj .__>.jL>JI 

(^-^ -JJjUj .jL_jj>U l|,.rt<t V 4i_J t porOUS 3_L_JJLl jj_W_u_JI jrU J-u-ijJLl 

3L_>JI j_j_a ____ ____4j ^--Jlj ilife at the edge «4jjl>JI SL_>J1» cj__jL_r Jiu_ 



3j-__u_> _gj" -nj Jl__ t<ij__ <L>jJL) n*j m^/l L^jLJu^i f 1 U t l -UoL-ujJ _____ 

jJjj * jj_s_x_J1 J>-1 J -L_ju->J1 CjI j i^^ll 3 j <t t " m a __l__. L jLc L_jflUa jJL_u 
_>J_d> Jj-a Cjj>_ 3LpJ1 ^cl 7Tt m\ _>__ ___j__L) ( rt i n jjj *_^_L_Ji l__VT L_j a C 
^yjjij 3_V j idj (j_xa 1 + jLa Jujj9 (Jj^oJ jiih °i\ Jl__5 i5j-i-oLflJi __tjjJ— J1 

i<Uc jl£LIL jujj cjjJ.1 Sj1j-« <jt 4>.jjJ tSjljJLl jJL j-*-*!» ; inferno ^a___-*Jl 
<__J1 ^j-^-M *L__Vl ^ ^j-_^L__ t 4_i_. 4jjl>j ^jJi jj>JI ^J__.V _>__j 
1 $ i m< 4 j <„>jVl jJ_IjJLI l-jj-SL Ljjp 4_sLj>JI (jLpy q\ ^Lj <-JU_- ♦ « 1 ^"j I j 

* 3j (n^ _X___! 4 t j jU i j _)j ^ j i m u rt j rt -» JI JJjil <j! JL-jJLl _>*__ tj_jjJLL 
4jj n.ntl 4jV J_t.aj (jjjjSJI Jl_l-___1 __jLj (jj-UI _£j_>J1 4i)^L__ 4__3j <.m„ mj 

. _JU__Ji 4_JL L^jj^ JJJ3E-<1 _>AuJ _ J <7 < r> \ jJLflJ _-jJl JlJjsJI j| jUU (j_4 


(Ujlt *i« «UJt ______ «0_kj_1t)> MjlAi 

4_Li_____ L-Jji ~r "I < UjU V "tl ____ jj J_J_>. jJj j jt i J L_li_JI »1 pl r |ju i a.rir 

^jj-^-wljj ^Lgil Ij <Jr < jjjJLl __L_ 3Lt>J1 _>__, <_ , (jfc.,jll Viking «£J_J___>) ^L_____Ji 

^jU" (nj j_ix__-o 0 ^-Jj-JJj j-oj-st-A p j o r ^Ti __£ J "i . q " i " 4_>jt i^i 11 4_iJL 4 <i<j <t 
(-___j_i jtJ___o -- 4 niii \ j mi 'ijj > U j ^ j (jlj i J-i-A (j^- 4 **-_La L^J^]_> 4J_>.j J-g j -j 
4 iri j <i" i nl,1 lL)I (^i^LLll Cj j! ♦ c> _3j_'l ^-Ji 4_jjL>ij ^Lu JL_oji iC^-Jj-C, 

miniature 3j__i____JLl l_j!j_-__L_>JLI _>_o _jtl-JJjI J_______! frL___jjj ^ iomi __JI 

____) j-jjJLl (j-JI !>L_-_>j _)IjlJJIj it 3>L___yi ^J^. L-AjLu ^j ___J1 laboratories 

u(g-J_-jL__i> orbiters _j__Jujl jJLI _^_1-__jJI _>£. M . ^ ^V"V ^Lc « j 

jj_3c___J1 (jja t-jL-;» ^lj Ui^-^i (j_ \ .*<y"a n. ^t ^ J-JI U i n (_ic ^^L_uJ LJaj__j 
C 1 1 1 ttj I tjg-i ii ii SjJLj . \ o ^ oU^u __JI (_J_Jj _}! _>-UII _>-« _>L_i __JI 3j—L__-Ji 
(jri"i1> i (Lfl t jujjl i ii _ya Ll\1 i o V jjjuaJI (-_ VI £__£jL_JJ _)Loj_ojV1 _)_4___>J1 

___!_» j_l-___ju_ c__j-j __Jij t^L__— _Jlj (___-j___JI Jj_-__i__)j <(^Lj_JIj ^L-*i 3j^j 

4->.jJ ^ * * __ll 3j1j_>J1 4_>j J J_jj_b tjUill 4_l__L>. ____ (jj_jj_J1 ,J j i n^l 

^J .^jjJLi ~Jsa___ _____ 3l \-*\\ 1 Ju_>j IjjI _-__>. jj-l_J| _»JL_ _yj (jjl j-^J-3 t^Jj 

4__UieJ _5 jJl jJ -*1 4 \ miJ La j! Lu>- LuL-T 4 j ('lo ^Jm jj mll _>j-_t> ___ (j_u 
CjLulSJi _>-* _;f l-j^ iri^ 4 i miJ La jf t -_> j! ibuiTOW j-*->- j! i(jijJ_- jjj-a 



?_JUI ^j-JI ^jJLc SU-> Ap$J _/| qSjoj Ja 


_ Lbij U_J--_Jjj t |i, ,. t /. JoL-JI VI uJJj _)L_ jl^j *a_ul_>jV| 

jr^jJL LaLu 4jjj^9 t4_>j_£_t_c ^Lst_-1 Cjlj (j-aj-l __lc SLpJI o _) _* 

jL__l l_m j_b IjJb _)___, . _1j_3_1 _ya 4__L- _lj_cf _-3 JL»-_-j ^J Lo 3jj_>Jl 
1 {3 < n cr-^'j i4_o^>jjJ1 C-lj jJi-^JLI <i __lc __ljVj_Jt (j_JJ_l1 __-__« 

jjj-___ c_VT ^Lci j ^ ,^ ^JL__J1 j_Lu ^-iJI SL_»J1 jj^j jLa__-l 

.^Jt5xjL_ 4_u1 t^nll 4 nrt i iitl 

_>1 IjjjJ- ^LJjJI (jV imicroscopes j__L*__a <_;) 3jJL__J1 _jIj_l__>J1 p-_-> ^J 
^jl_L- * Lu__J 4jU-JI 4l_i_>JI _£ j_L_ __J1 3 ,,„;1Li 1 JL> 4 t rTij-A _jjj____ 1 _"nKl 
^LJc _)L_ iji-I *f <nj * JjlAJL <jjIUU 4 o^ll __Il_j ___J1 _jj_JI __ijL__JL 

J-_*_jJ1 Jj 4 jjjJI ^Jj-J <_rO-»1 (j-^=-__!1 _-_ (j_uJ ^s^Jlj-al Ij-Joj _L_ jJ-oL-JI 
_^L-U_J1 JJ-JI £^J La _>_J . <Lj-Jl ^JLA ^JS 5Ljj>J1 J^_wj ____ __jL*u£ J_Jj _>__ 

^j_>- L_£i i_j__vLJ1 Jl j_i m11 1_l_ j-_-jl J-3j S ^j-j^ LcLl-I j-i-i Oj^ j < <> _5 J-' 

. jj-^jJl jy« _>jJ-_- 3jJ £__bJL_J1 £-L-J 4__jl_11 — _•! mi^LlU ___C 



^Lai (!_-__ L_)i »1 ih fi Jl 4'm,(__T landers <u__»jVI Ll»_— ___—_! ( _^a 3jl_w|jJ t j m, * * _>'j^_j 5jj___lt j-^— — i 
_Vi hi _h» jj >nTI j-4 L-Vt ___uL__J jLLj— _jVt jl *it->-st,1 _J_ujl < jr\_i—-> BjIj .4_4j__m-« 4 j <i l..-v SjUL_ 
.(<<_ -Lj» dJLSj 5j9-— ') ^-S^SJl 1 jl^J 4 iti_j 4 <b>*^> 4_iJ>- ^lJ^j L__>j^j U-o iju jl 


£jjoJI |_-C SU? i_>£ II 



Lal_>. * £-^>J3 \W f L_ ^ j-iLjL-U \ j-Ajd i <^jVt 4ia>dt 4 "Jl ^jj-I grhniT jJa-U IJl* 
.(«L-_>» 4J-j *j>^>) S^-**^ ltH ^J-^rJ j$ J u-* (jL-JIjj^jh-_JI j- 4 ^J- 4 


J> J->-J Lr^" y jt_\ J!Lq_, (jl ^^Lcj La JjJ.7N*i jl 4_-_l-o_>. j^—u J J_>Jl I Jufcj 

j_t^>- (__-_ajj jvL- jjSo jl j>_L^j V _ L_jI-- SLpJI Jj-«j Lo ijJ_ljj*1 (___* _ 3L_>J1 
, U^-L^ju 4j>*--£> -jjIj iSLjjtiJ i^jJUl Ji_LiVl (j__ Ljjucj UJ_-a .__*! j-_*Vt 

l «L_*j jr__*jLc -i_j£-jLoJl £_4__- J-*->- ^l i J|j_>Jl £yi 4-Jji_J1 CjIj nntl CjjIj 

^ul. «i J I_. 3j j >*Vt ^ $j1jIj___ jl___ lJ-JjJ *4 K m.U dj--_> _L_*_iL 

jjJ , p flijl -J\ £-jL_J J I in rt" 4 j (1J ^ j_^ 4_JJ_LJ1 ^4J^/jL_*_4J tCjlj j" ^JLt 
Jl j , »lt 5 j Jl 4 t j jlnTI ^-ic Jj tL_!lj_-V1 ___£< (jrtrt) <__1__ (3jJL_*___jJ1 

S3LpJl (____ Lj : ( _ ;r _uL_uVl 
(jj J J--J t4_oLc 3jj_t__j 5 ^tKA ^jMAJI ^Li ^ JI c_jjL_*_J1 __-_ La 
(____; breathing (j n < 1 _£l ^LL j_c m c_jL_> <_jjI ^ltl ^ j__ j_c 3jl_-Ij 
.eating J-^l 4 jUr ___} oLj>_L--s __ic jjj-*-1 <j-- 4-uL_JI _JiJufc J!Ujj 4 _-£jJLl 
, a\ r.rX\ j 4 j Vjj-<* cjLjj_C_j_4 _£ | corpses t____>. _j^>j o Vit 2L_JL_Jt r<t < » I <im 

__<_-__>! _--Jl 4 j pUtt *J 0 i ■> _ 1 C_j_£ . L^JL-_ 4_-AJ-J,1 -jljLJI (JJjJ-> j-^- Lfc-J_>.J 

i((j-___J1) labeled-release ^j--jJ.I Je>LL^M :c_jjL>J ^jt 4JM-J1 cnL-jVl ^-ic 
pyrolitic-release ^j1j-_>JI j5Aj->yij ^(J^^l) gas-exchange cjljLJLtl JjL-Gj 

aJLuC. (^-3 JjI j.< <itl jAjlj j j t-t u£>J>- i(j nrt m!1 4j>j>_1 ^LuIj .(l__L>JI (j__J-«_>-i) 


?G|TJI giJ--" -^>9j _jl qSjoj ,J_6 


« L^_$-__fj» ^cj 4-ulj g-All CjL__jJI £ya 4Xj_oe-jfl 1 » a 4_LoL_. ij_jjJLt 4jjj j_-J 

41dL<-ujj 4Jj <g im; 1 ^ jt r __aj, t "Jt (j£xj (jH-Jt '^---^ 03^>-*-'' ^j^jj^ labeled 

(J_Lo i£-__i_a (jjjj_> Cr^" ' ^j -- * <jl J-— 1 t j t u?t U j.jll-> J, I (__-S (j_oL>- <, n <*nlfa 

<jf (_____ 4La>_-_ udJ j Oj^j ' "'^ i4jj_l!i ^ U i ii JijJa l_jj-$1_> i jj}jj_-_!1 jlj_____1 ___-_. 
i^jjjojj »2L«sj-uujII cjl___jJ! (j-__*j exhaled «cjjJaj» jls 4jj__JL ^_ulj_>. lJL___ 

__J_i 4 j^Jj-U 4\jj___!l *j_4 i i t ) JoL_L__jJ (______ (J_*_M 4_)j_>J Cjj_Lj! Jl__- ;4_^j1 m ( a 

cjlj-jt^H jx. Cx_*_Jl ^cj i((4.Urr,"KJLl 4j juJLl jljJLI » j>_>a cj|^_ji__, ^i>> i broth 

(jl (j\j_u_j L_jtj_L*J C__i__i ,3j_t!._j_4 jjJLl i ii 3_UJ (__J.il Cj I j LiJ I _____ 4j._L>JI 
C(,u^ ^ (4___jLuJI 4jJ tU jljll (j^a 1 fh< ; <J_-_M ^-L r<n 3 "II J_3 CjLjj-LJLI 

.lJJjJ 4^__l__ cjIjUJI 3jujl>- Lcljjl 

(jru>L> JL-U ^LJJ (j-aj « T) ^J (^.J-JI i4 J-VjjJLl CjLjj^LJI jl jJ I jL>o (jSJ 
;4jj, -r "Jl (J^L->- 4_)j__J! ^yS _»j jUn") ^j (_£jJI (JjLi nlt 4__>-Lt_J <"< < n j 1 tjrl 1 1 ntl 

(^jJIj _ 4_LjLuJI cjL jJULl (3j^s (jL_i jJ LLoj ScjIjLc. «j__3jj» (*J ^LJLj 
cjLLjL-JJ _3j_j ^J _ chicken soup «^L^jJt ... p___J ^LJjJ! 4 jlr jl Uj 

(j_C 0_jj_4__t__JI <?_JL_b i((C-_-_>J! (j^J Q "sj)> 4jj__>J -wlj JL_U ^4 j VjjJLl 4_l_>JI 
(_£j_>J1 tU* iMI I fl J ^ ^J-i-i gj ~r >■ _-_- 4__L_3tjjJ! 4_jj__J! _j_i- 4 <j r ^_-__>j (J^J--* 


£JJAJI ,jJ-_ SU> QC -_-_lJ| 


Jji CjL1jj_>. ___} 3_ij^>-jJLl jjJjSJI ujljj jj_T »1 n" i o L t^JjJLl <_--- 4__u_-i i 

juljj .^tiM jjl_La-Li tagged «%- "J L V a » j^jj__JI ju__*__1 (j-jLjj jj_ij__J1 _u-____n 

4j>-jj ) , * * * j_4 j-l^ ^Lj-JI jg V r ( n ^j iJJ>Jl I JL4J (J_3jjuJI j-a l_jLc,L_u S-Jlc 
(_gj -01 t— _^L t II *__J Lxw-J *(4jj_j_>a 4-_>-j_t 0 * * j-a J j ct-- 1 ') L ~',l ,\j 4 
. Cj L jj^ J o 1 1 2_j___4_>JL I L_A_>J1 j_<i (j^l j-« 4____uJLl CjljLiJI tuajljJI ^ystJjJLl 

__jL_uj_>J1 IjlcL,) -iiljLiJI ojj* c> a, t -!_j |*j-Sj vapor trap «jlV iU 3ju____>-» __JJ 
3jj_ju_j 3jl_j____11 l_U_ j 1 r l_jj_a (j-jJIj < j jj j_£J 1 Jv j < ._£> I __jLjj Jj 2 «4 oUU» 
L__j__) jLkJI SjLu___-i <___> L_jj_*_l>.| ___J1 CjtjLiJl (j-/L_S (_Sj->. t-_llj JL*JJ . (4_LL£ 
CjL___j_U j-« ^-J-J jl j-« JU^ ciUlj iL^J ____L_i_-_ j yi _L_-L____-1 j_a jJL-J j-C 
. LgJjjO JaiS Cj L jj-Lt.1 1 4__>L_u^j L^jc-oJ _--J1 4-*___J,1 4-ujjj_iJI 

__JLc jj *j 1 1 1 S_l_l>. 4___9j-3 jJSLL-JI _£jJ c_jL_> i_ii^__J1 l__jL_*___I <?ju_ Jjl_Ljj 

. L^jjja JluC ^jj ■ ^ _jlj-a _-ic 4jjj,>- c LL_j C (*?jj j I iC_Kl jl iC______J <4_u>. l_jLuL_> 


__J__ £____>!__ 4_^L_a_-I1 4-Lti, i.ntl J_sjjL_b j_a £-uL__l 3 JUC Julj * 

__Jj ^LjJI Jj____jj i jLua^l j_Q l_£>'_ T T 4 t r>n I o^n.* J ' f\ n j jimUla ___5 JJjJJ 
j_«j ) ^La-jl ^jLj 3L_>J1 l__L_j!_TI l_jjL>o Cjj-gio! i(jrtJL_5jI1 (___5 t^psj^l 
. jtjjJLl U , ., ^^Lc L-jLjj->_L.a ^J_>- a » L q .lt I I _yj J_ll9 JJLC ^___1__jI Jl-__6 l_JJ j 
3 j_j__a_JI 4_) -c.g > nl Jl_3 j-J^l 4_uLa___ 3jj___j - IjiCjJl J-___ iL_U j V Juj 
___JI 4_uLj-*j£JI l_j Ij-jjl7J I _§jj__u ___5 4____SJLl ^JjL^JI Cj L j 1 1 r> 1 1 ^-*->- - 4jj<3 ( n ) 
LoJllc 2l___L=- i4_j_>- j j ^ CjI jl 0 c (j>__ 4__*oLJ1 l_Uj _y* i2Lj_>J1 ui ( <ij l_jJL>_j 
. SLpeJJ c___aj_«-c jjlL J_L_j (j_C C__*_J1 _-JI _9Jj-_jJ1 IjLA l__ JL^j 
i_4_^L_j Cjj^4__ _-_JI l-jjLc-J) __JjI ____o i(J_TVl) (_£Jut_J1 4jj^>o Cjj 
J * « 3j___iLl4 JtJjJ.1 4_)jJ je_L___j (3J-B CJj-3__» Jl_ (j-LJr i n^_?l (j_o 3j j"i t <Q CjL-C-C j I 

j_^__> L__Lq_>.1 (jSJ * l ^jlr cjLj_t.lL (j-i-Jl j-L>.jJ1 ^ L-_->. j_« 4 j j j U 

. i ^'a i4 j >jJjJ^> CjI jU r j_C L>oLj jy-a^ i VI I JLA j^fC j_o ^JLj 4_jI _____ L_LIj 
__JI CjJ? 4-ul j< Cj>LcL_- Cj a JL_5_j i JjL_u Jj_>.jJ 4 jie-jjJLl 4jj__JI C-jLa-**< < n1 
jLa t(j|j__>-! CjL_4-1_Ljj . 4jj__JI 4 mi ^JLl jrLa- (d^Vl CjLj__^_> (j-aJU (3^-___j1 

cjjjl>. __J1 i L^jI j J-j-j iCjjl (jgjLUI J_L_J1 j_J___j (jc 4-™>>*LJ1 4jj__>jJI 3jLj 


?oUI ^jjjoJI __Lc 5U_» -^?£p q\ o_-xy 


j^lUI d «Ull j_-l j__j -cj* f ,..< Vl jlUM -__ulj <i j<ll ^}LcUlJ! 

4jj_j V " n. L 3 j_11 dJLA <jS-Jj i_£_JL---__J1 -_jj-__>u jl j->-Lj ((_r^0 cAHi>^ 

j_poJuJ 4_J_iL5i JL-3 __-Jlj i^lil jL___ 4_>j-- j_4 ^ ^ ^ 1 (11 < nfl iii 4-L_*JjjQ 

j Vf I I <__ju iL £j_J-l Sj-a £*_*______£ _M j_£__ LsjlLcj .SLj_3__J ^^^itjj-4 J____ _£l 

C-Jj upj^ _j-^*_> <L^H=*j>I! ^J— _-_Lc. J_jIj___ j__j-_J__ jl cr^J :4___*___-_>1j 

. 4_l>- jJ j_u 4 jUr _$! Jj->*j (jjj (jrt_»____>Vl j*>L__jl 

cjI^ *_j___j jl ^-jj julj L^_tjL__ c_j_£__> (_-__■! i j_____lJI -_ij_*i_ __JI 4 j ( ii 'ILj 

^^Lc 4_aj__jjJL1 CjLl£jJL! ^jjo o1j_t___ j-j__j jjU JLx__9 . 1 t'n)\ ^—uLtjl -^LjjJI 
___} 4 t inll _jjjj__J1 Cjljj 3JL__ ___! 4jjj__ a_tLj jIjl-JI j-^J--1 *4 j V_>II ^j-jJI 

(J-L-l _-_JI 3 jLjJI (jjO J__J___5U J__J__>I 3jLj _-_-J t-_J_J1 j)J__- JJ__Vjl1 jLJtJI 

-_LL>J1 4jj_-JI £jj_! (jj- jujuljM (_-___ -jjL_i_-l _jjL__j ^L-Lll * Lui L^_____-^Lo 

^l .c.L-^1 (> l^-Ait (jl I^jjI *UL_JI (jiCJ l^j^l ^1____ _____ SL^-IJ 

hydrogen uk-^jj * j _H V J ">*Cl jj-- 1 JiLo j^jjJLI (_-__- l___*j_>*j LoLu J<i" -_j 
^I-L-JI -oUI j jUn" Jj-«j (jj_)j_-JI ,t j m<! ^yjlj 3>LLI 1 w *i< <ij iperoxide 
^oJ j_j_l_*JL1 (jSU t4_jj_jJI 5j <»U j jU rt**itl -JjL_*_cj j j " ^ L I ^L__1_J1 j_x! „ I ^ jl^ 

__JL__ C_jL_£ jl_3 .SjJLI d_X_A ____! t mi^I Jol jJLJI ^ SjLjj -_jjJl__v jj _j 

4 titn\ ( j .< i --JL 4-uL-JI -_)j-%_JI (___) «(j iirtTn i ii» C-<_jL_5 L^j ! j- 4 Ju^-S i-_iLjj_L_4 

0>L___L_L_l)l (j? »1 <tltll ^"Tl ihI JL___J3 t-JJjJj .(^-Jj-^l SjJll ___- -_)JL_>. ^jJI 
L^jI J^jil 4_J__y (J-4J - J---J jl 1 $ (< 0 J i-LO-^jJj-U C-jljl 0 f (JJJ (jjO 4-ul J o J<TI 

.4jjy;n -_^Lfcj^l djLiyi l_JJj _ l___*_LjI 

L^_^1_Uj (J-jLjJ VI (j--*u V (__jJI _---J t-_-L>J1 (j__axw>_. 4jj__>u (j£. I jLa j_>J 
4_£jjiJL 4_LL__u_u ("i q (j£J tjj|j__- ^\ _-!__ 4jj "r"ll dju. J q " iVt ^i_) j i mi 

jl__ t j____>JLl t-j-jjil lij-^-tl uiiiL-JI ^-Ja 4 ♦ miII o^j-~-l ^jljj -_uL_r (jl Lo. 

-JJ j t > Jjl_ Jl_j .3j_st_>Jl (____ < * i * i n j _-jJI j_j-l1 4jjj _y» L j_>* «**'"" J "^? 

(jl -iij-^L-l -_Aj>J1 jnj<i> i -_jj->_1 (ji __J| 4 <ijt i^ L^___J -jL--I __JL_^__ : J---_JL 

j|_-_kjL_J1 olr (jl Jl_>u ^j---f 3j_-i . 4jj-jJ1 __J1 Cj__J J Jl__ (jjjj__J1 CjIj j j___u 

_^J_>- 4_J_5-JJ_A 4jjJ SjJLl -»JU_ i4_J_-t__i| jlj-O , I J t 1 1 1 p ^j ^ (jj, 1 j *IU 

__JI cjIjJLI ^jl>.1 ___i L^jj1j_>- 4_*jj J___--J ic_jL__L__ cj*>L SjJL i . » ^ I^mV mi 
4 — >.jj To * ^.JJ -_j__L_J1 SjJLl _-_aj *(-uj___-i 4_>.j_i j c__)L^_j_^__ 4__>.jj T * * 


gij-dl i-l_ SU_> o« «__~dl 


<j\ J)i i nU (jr; ^ mmI I j1j---~ (j^Loi__V jSo ^Jj .(4-jj_U 4_>.j_. ^ A* ) l_uL^j_4__ 

__JI l__L>o ^-Ul jjjj__J1 cjIjj jjlc J-J-j _-J1 cjjI d^jLUI "JLa , j .y ^ 
jl 1 <u jjjJI <_-_- 4_t oL_l__> jj_>j jl_>-1 Jj ^- T l-j , */ \ * 3 j . .. : > 3 j j*VH 
4__vj_ tO * _>_, l_Ll_4>L *4__>.j_ T* • __J1 J___u ^-Ul 3jl j— >J1 4__>j_ J^ 
jjjj__J1 -jljj j"**; j^LoJul jj <_-_- (JJ_^jJj_lJI £-*_>. I JL__ _ AJ jj . C_uLgj j ^ a 
3^^jtjj > j jr 4_jjlj<.j*? CjLLuC Jjl_J c_)JL>- JL3 4 jVjjJLt 4jj-JI __a 

2»Lp- jj^-j (j-- -jIjL___} jj->*j Jj,„-t i.ii "t — ^__uL__I l_5L_JI i_jjL*__1 o ^ ^_> 

Cj^A__.L____J| -_l^jj jL___' ^J j . 4_uLj <i j < ljjL>_ 1 _)5 __uj JL_1_3 l_UjJj iL_JJj_ 
1 i '& o \ jjl t rtj^ i3L_L>J1 t_jL£ <_,__ i » tjr-C -JJ- JSo j»J-_J jl 4-ulj OJ^H 

Cj j fl kt JlSj S 3jl_?j__« 3jj____j 4_uj^_C_Lja 3Ll>- -j->-J j-- L_5tj j->-1 jLxL-> ! 

._JJ j _jJl£1 JLĔJ S\\*\ CjL.1 mi"<1 jl Lft_C .Jj fl?»t.l IjuJ. 4jJJLJ_o jJ_xjL_JI VjL>_J 

tjij,-.^^! ^ajL-yi 1 4 ?<:_ij v ^ jVi ^ cjI j^-~ui j-c---! ^ <uj y 

j_l ALH 84001 ^ij-JI j-*->J1 J* 4_cuJ-a -JLla Ja 
___ j__i Jjj < t rj^j S _*L_»J1 jj_>-j c ( r.j (jl j^>o ^jjl j «ij^ JjJj tj;V (j^-^ J-^ 
t \ <\\i jnUmr? (jH* jjL_J1 jl__jlUI ^L___JI j-<ujll _--L- i(j-_JL Schopf 
(jx. jM-_,yi J^_ ^Ijj q\ jujj ^jJI smoking gun «jh_-j_J1 j-_j_-») (-iij_i -j-_^ 
j_4__j cnLLu ^jj jl jujj _)L_* i L>L>Jl jljJ->- ^jj jl _ijjj jL_C .SLpJI jj-^j 

jUjj L*_b - 1 jg^ K .'l. tj L^L— _>■ I (^Ja (jjL-u .4_u>JI — -tLuL-JI j_« 4_LoL_C 3 j o >» 

...SJJjJI Ijla ^jujj (j;jJI ^l j_t Lo jSJ . L>L>Jl ^ju- ^ L_____1 M-J_ 
i«(____j Ijl- .[L!vL>J1 j!jjL>. L^j-_ j^J__ ^-Ul L!>L>JI j_*] ^j L o, . . . .*. ^ ^ '«Ur t» 

JJjJI I JLA LJ ^JLiL. jl jSUj 4j_4_JI ^J • > u ,.U.n rt ^ 4JU L* 1 JLA 

j_J .ALH 84001 ^j-U^I >»->-l cjt- Sjj^jII -jL^jj-JI -jL^ edges l^Ij.- 

^jj (j;t ^-i-- ^j_L>u j_u ^cJ ^-lllj - --_-oL___J 4_i___jVl CjI U-hU jt ^--aljJl _ya 
_-___. 1_jj>.j->a J-J-JI 1ju_ jll? ^1j_-_ t JjJjJI I JuS» t<uJL_J ^jrTt i iM ^J - jJbL>Jl j-4 

r l >_JL jjjJLI 

^j-jJI j-?->JI Ja-L>Jj jjjil ji--- 3Lj-_- (j_, _--a_.J1 J-^ jt-^j^ 
j^jj ii_iL__JI ^j^I j____>.jJ L-lj ^jj *(>Li-_l JJ- c-J! ALH 84001 
4_ix--i l_j1- c_uL_C Ujj i(j;j-_>-t 3bl -__-jL_J1 *_-j_>- c. > o<>>" jl_j . 4_p- -jLuL_C 

^ _jLjjJ>_>J1 4 -ih^JLl ^Ijj^I (j-~ 5_ij->.jI1 l_j_u___J1 j^L-nj C-oLi i4jj_L_>. 



-V ^-Ia-JI u< ijUll (j-L-UI 4_T_M djuk ^ < .^j-^JI 4il>_c.j jjjJLI dujl 
J-_I J-»-lj *j->- uH 3 J-*f (jr^ l£>L>u ^lP o' j-$lol jJ-j t( T *) CjljLiJI 

^L-jj-^ 1 -' Cr^J - u « <«") <jl ,jS-4J -LiLj-<jJLI (j_« fj\ £yt Oj-jh 

_____ __iL_j_-J! <____ JLJ>JJ* ___J1 __iL_jJ-->JI Jj-« i,j±3j£}\ ^ic 5 jmU 

*4_j_>- CjL-L_> _£l _>_. 3_Lj_»_J|j i3jL-w_*-_JLl _£j"iXjL-jt 3jL_ 4-)jj (_-l3*j .(j-sjVl 

___J1 4jj«_-JI jIjJLI <j^g _ L^JiLi^l J^_JI ^ys (j£J - 3lm>> oLj-< ^-lc m£j__-j 
<___J1 _H3 jl ,4JjjL 5 j^Ja jlL* t r,.fli>l ^l CjL-LUI JL__J ^>-uu L>1 j ĕ bn 
<___ 4jj___c cjL-j_« _$t ^jJLc j^IaJI __3 J____JI j_C .^j^J! __a>LjJ! ^j-o riUrt.n 

t^jjJLl < i i ^jJLc 3Lj_- Jj^jJ 3jLu_II _j1j_JL! 4___ ___i bj____*_4 4j y^jJLl 4jjjJt 

.SLpJI -d-J JJ3*J V _ Lgjl j JL*j - L#j1 ^jjLj ^yic 

jJ-.!- (jLc g i<jl rtll iaj-i-- _-L- 4_u j-UI j-L-JI 4j Lj j j V" ^jJI Lo _>-J 

-_j_1j I j t n *r fn ^j-JjJI (j^-i_>jjj j i II (jj« xJ_jJI 4 j JLjJI C<jl,<, .y\ S jjjJtl 

JaLAltl _-£-_> jJa ^jjJLI __!__ ^-jI.j^.jCII JoLAJ! j! __]_. * jJ__>L_II 
^jjJL! 4jp jtj i4_al SjJLu-JLt olj m rnU ^j^ t^T\ m£j->- m^JJI t(__>.jJj_uJI 
^jJ— >— ^ tg- i<jL— 1) 4_j__ojVl — jLL_>JLI 4j_>L_ jjj L^Jl4 cjLj__, (___Lc Jj__-_- ___Jt 
*Vjj_ (jjSo (jl (jSUII ^-Ja * JL_>JI 4 t j ,Utj . 1 ^tU ^ 31 j -tU ^ji ^^ic 

(JJJ-JS ^_3 (2^jj-*il tl — ____ J 1 ! (jj« J-->-lj J-u_-_jI JL_9j ♦ ^ & i U V c g.lj, j.^JI 

cjLjj < j ,4 jj-j>-j 3j_L_ (j? Levin (j-L_J cjj_J_>- m^jJj j jtt jj-j _ j_SoL_JI 
^! 3LpJI -_L_1<I l-jjL». ^jLU VL_l^! ol^_u___J! m> _I LJ ^jlSj 4.JTTJJ-4 
gjLlj jj-^>-j _-Jt cjjL__I jl_6 i^o-i J^ f_c.j (___- id,j_^_d t gj_oL_J! L^jj_>.I 
m^I j-r i ^t l jj_ dji j (j . i <r (jl jjjj ^j-uJ 4_.L_v »t ir>r 1 *-j_c->- _><J t 4_uL*jJ 
L4J j_^_a___ JjJ-Jal jl->_ Cj>LJI ^jU__J! ^ luj^ J£_I 4_jjU_jyi ^jLUI 

.^j^t ^-JL cjLj^LJI! J_,L_j JX\ ^Lu-uSJt o>LcL_cJ! ^ 

Ju__ dJj ^i-j ^-icj i4_uL_jt j-i-u cJ___ I jl9 g- <<jL_JI _jjL>u q] 5 ^j£J 
cjjIjIj t^j-LsLS (jjjL-Lc 3jJL «L_»l_» 4Jl£j ^_^j- c~li_ *3L_>JI Jj^j (_-_--J d j* ■■^ 
t Lci-J! (jL ^4 jj«.,Milt 4_aL-t___J 4_Lj___>. 3_Lo Jljj V t 3jLjlj_L<» 4 j ■ « A CjIju-1j 

JLl/i JjL>_; «LuLj» 4JL_*J (jl ^ ^V"l ^Lc ^jjll ____; 3L_- Jj_*.j Jjl_JLj t jAAl< t 

Jjl_j (jt «L-uLj» ___£. jryuj ljl_l :Jtj--t (jSJ -^jL_! mm<I ^_ll__ »t A-y) (j-pJI diJj 
ojjj (jjjJ! _d_Jjt (jl__ iJL- ^l ^-Lcj , IjjU _fj ^U__aVI I_l_> Jl^ ^ S-dJj 



£j jaJI ^lc 5L_> qc i___*J| 


<jj^j»JI CjL-ijJJJLI oibe_) J___CL>_i 3jl,__JL1 oL_/jJ1 ^j____. jt ^ V j ^ « ^ l^ hr, . a \ 
4JL^j (jl 3j_-__ jjjj MI J ^ 'jJ^jt *=*Vj lt- 1 2j <tj__n alien corpses 
dxj*jJI 4 jU r <____ L>. j*_l_> ->j4->J1 j-t-_"V 4_uUejV1 ^jLuJI ^uaIo -JjLt_*_) «L__L» 

___- JjJ-4-JI (4A->> SjLj ^j <W<V*» m jjllill oJJb C-J--J ((j-OJ-M £jL_- 3_J_- -J-*-J <j__ 

.3jLJjL>J1 4_l_J_*I 

l_jj*L>-j ____ Y j \ jJ-CjL-i j^tLpl i>nitl h n mtl J_pO Juljj i \ *W*\ j-Lc Juu 

• j_jJ1 ^Jn nt __JLc 3l j__. ^jc C<--*_jilt iLt>tjJL_>. ^Jl-C 4jL_^JJI __j_ C___i ^jSJ < 3 j j *i a 

<j? ^_Cj . 4.j <_sjt MJI SLjjsJI <j__. jtt 4 jUr jj-ki ( rt j ") *S (-WrtC. tkn m 

3j__jJL_i__> cjL_j_c _£j__-_ L_JL>_) ^J ^J£LjL__UI _y"i j^j— < <jl j j- 4 1 *j lj--L_i »1 <J,JI 

j-JLC <j!j i Joj-^JI __jl__j_~ (j_4 4_ijjJ_J1 jJoLJLl j>_4 t£_jJI <Lj-J 4 iirV> t J1 4 rttUtl 
*____> j jlr jlj (L_JL__b 3L->Jl JJ^*J „V * m miI JL_b £_jjJJ __JLc 4jj1 oitl dLtll JJ->»J 
^j-LoJ V 4____u__~ (" r j i_p_j_M Cj_>_i j-__>J1 j I 4 jjUntl f<\ o n 11 (__JI Jjj__jJJ < UU^ 

3L_>. _ij>-jJ VI <i T"-l ^ i >i <i,i"iTI j-LJ___JI _.XIj£ l__j_sI j-&j _ jjjJJ q\ (jr^J * I 

_£jj jjjll _jL__> t4 j i/i LU ^jjj Mi.tJt L-jljirntl Jljloj .jL>- 4__! -t____jl JL_3 _ 4 jlr 

.Cm fl t___>*J-> 4_>( _-JLc 
___. C*oll j-_ji1 JL3 j-JL-i * \ ^Lc j_iLl__J1 ^ <^ 

Jula Cj Jl>-j JL_ 3Ll>J1 dJLA C-jl-i jJ (j-J->- (3l_L>JL ^CJL-UI j-JjJI ^-_*_Jj 

JjJ jlj Ljlcj c<J ALH 84001 Jsj—jilS j-se->A\ q\ ^cj ^-Jcj ^..tl j^-j^L 

Ijuk <jt _/l J ntUa l_U_i Jjt-u (jl 4_juj-jj (jj^ O- ^JJ '2L_l>J1 -)J^>-J (_-J-C J--- 3 ^ 
jL__j_/ jl t Jj_>-J 3j---_ ^j-. JU _£jJI J-JjJI 4_^_i_o C_jjI ^-1__J1 j 1 1 1 jj*__>Jt 

____ 4_jjL_>. L_bL)__-i Jjl___JL ^uJaj _>L-» - Ljj_jt»L_-> _ j_jJ1 j! jl _ l^L> L_Ujj (4-<ujl__ 

CjL^__> _ 3_LJH (j-4 _>-aJ»-J Lu jJ je_j — u_f i^-Jj^l 3j <JJj i4j?j t J— j t ,J1 ^----.Ul 

^J_>-jJL jjxJ_-J (jjjJl yLciJi j_Li) . -LJ1 L-JJj Jj->-J _,__) C_JJ__J (___JI _ CjLjJj-vJI 

^jLcju mi a 4-_t_>.|^_<u t 4 ( ( M.-ca CjLu___jj Jju_l_I CjLajtt <i\ ^jj Jj^-a ^c-jjJI (__J1 
4. j) 4_L>.j _-_- fl L)1 L) 1 -*^ I > OJJ . 3_1jJl_>JI Cj Ua jlt-o.1 \ ^jt t-_-T( i nl 

. j_jj-<JJ ^L>Jlj SjjLJI Jj^ i ntt (_-J) 3 j j m °i 
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^J-lJJI j^*_>JL 4 nU-,ti jL_>.Vl r,U.ft 
4_L>J1 2uyUI ^ *UI ,U ;, ,n LS ALH 84001 
2j>j_*JL Ij-J^ ^jjjJI cdl!jf 4 , ,„ML 

i?jub jjjj j_j_s iJc_*JI ^j— — *Jj .j_i^>.^M 
tjrj-jM trt *3 (jr\~ "i j <i , ii t * 1L" <il « 1 , <>L » 4JL—J <__L£ 

L^* £_^>JJ ^yJI ^>1_>U ^j-GjL»-, <._a 4 i ,n cry-JT 

dJLA ^j? ^uLj ^^lcj ,4_J_ 4 *.j n i u L_ujj ^jJ jt£ 
<>C 4_jL^VI ^jU"i ,.n _J 4 nl ^LlJSjJI 
JL^L^L 4 flU"t,l 4_^L_,^I 2Ln-u,Vl ^j-o^ 
i j^JjJl — U_w ^ L 4 3l Jl—o» Jj «wj 

*(J^J ,^-> -»J1 I Jv^J LuLj I t A JUj_ (jl i * " J J A 

1 fl j q t_a_jj ^jyllJI 4ljj Utl gj -> All ^ J *" (jfj 

. j_jj_<JJ LLai miC*< , ii I 

MU4ts»^l jl_Mlri 

4-uL.u^l oL-u£jJLl jILj oi d>L£ 
(>o (jjj^-i j_^I J}L>. Ltj-bj (3jL_JI —jM-JI 

5) j * cV» ^ " _-}U -JJjj i ^'M. ^L__ 

o^j^lj ^jpJLI cj^ ^ljll line up _aL_U__VI 
j-b^j _a l ^jjj^-Ail ^jIua J>U> 


«?i_Ji Jj_1m< Ja 



olj^jjJL ^LJLj t 4-_.LkJi LiJM^u^b Jioj I o _ V) l__1jL__JJ o^jl 
VA * J< L-al nUi^ Vl I jla jj^jj . Li-L^j-^ j-* (L^__L__,J ^ ^pJI 4_i__LjX>JI 

■ J"» '■*- J1 _-JJ 4 j .mM L) 4 , ,. <i\ Ug»'^ j (_-JJ <j^j-_J1 }L_ ^JJKj JL-C ^Lajj 

3_l_-1 j (<4__J» jjj-U Jj__ ^j-oj -M jjju iLajj VA* J< (____ 4jV -JJ j Jjjutj^ 

4_ij_ ^ Utj jJI 4 t n <*n C^jJI __J_ t< j <i mJI J j___ 4__-jL_» 4_L>.j Y , ) 1 ^jJiU 
L>° /*^^ J^L^e_Ij V 4___j mMJ j j *i<j j ■ <? jl Jw<3 ____ (jJj-^t_u ^jJI _ jjjJLI 
L____-oljjJ1 (jL< j-4_f I jukj .djlju* <j-a 4___.j___j 

4_l_>j__ j«J___j (jlii 5 .u ;tl oL__jJLI ojuk Jj!>-__y f^jJI Ln > alignment 
«jjLL-j^l 3 Jl__L_>> (jL_ __U_uj . j__uL-___! 4 » j < nj (j__-L__ jjj-a J; * 4_^L___--» 
^LJI 4j|juj ) \<KA ^Lc ^ ___________ 1 JlLc _jj<" i „ ^J^cJLl 4±>.j 3>LL_V 4__J___J1 

4_p ______ 4 n tiin c-LLj ^jjo i^" I l__-Oj(j (j^i « LuLj» «UL-Tj l____Ll___jj * ^ ^*\*\ 

. _>J Jjl__> J_____L) 4_*__>j-_J1 _> JL_b J t"i i M**> 

t \ *\*\"\ f-L_c c-IUI-jI ^__JI CjMJJI 4__u _________ I _^_____JI q c < i.o jl_J 

.g___uL__J 4_t_____jVl l_jLjj--JI (j-4 L$-Jj l____-__>jj ___iJI 4__*__p_JJ1 jLi>jVl _y__j 

.j-_-__L>JI c___jJl ____> ^jjJLI ^i— __u _-L- 3j___L__> 31 ji l_J L__b '•*' j* 4_j1 
3jjjl_*_. _* CjLl£L*»j ^j___ __jjA__Ji cj^L_~jJ1 -^i a j___l jjo ^J iCLl jj ^ 7- _"**j 

^J-C CjLojLlII JU^JLL) L JUj^jJ 1 JLJ_V. C( ^ 0 I r-> 1 ^**^ iSL_>Jl (j_C_ f jtt 

4 o <a JjVjli I Cj^L_-.jJ1 dJUb jj--__u L___^ . jjJjjJ___J1 4-itJj__j JJj-11 

( f 1 1" (^—lll J t^c-jjJLl ^_J j 4jjI < rk°\ 4 m<i ( n jL-ujl t rtM<*i (___J 1 4jj_«____J1 ^_t-i__jJ 
l__j__ j t,_/_/lj .^L__>l SLp- CjJL_vj (jj i__JLi_b 3L-L_*_ll (j__ <".tt ill 3 J j y 4 <^j-9 
4__tL__>J t ^ ^*\V j_L__ 4jL^j Jjl__ CjjL».jJI dJLA 4-_____>u (jf ^j-Lcu La __JJ j tx ',*> 
.(jrjJLlII jriii olt L-> jjnn 4_*4^ LiJ jmmi (___]! 4-l-lA? ^j-^I ^L^il _JJ 

(3, ^ij (__JJ i *vv 4 j ♦ is> ^L^_4 jjjJLI _-JJ « L-u L> » 4J___Tj __iL>.j < n*f*t<*t 
(^Jlc . N *\*\"V ^-L_ 4jL^j (_i_ ( r )(__*jjJLl jj_l__j-4-_ JLjj__>. (3-1-jI . 4j\-______u __e1 jL-bl 

Ji-i-9jJI ,j;j_>JI l__>L_JI ^l jL__-Lt*Lj . \ \\V j i j mi ^ jjjJLl M-ll J-l_xj (jl 

(_-JJ J___o I ajtf djL___-4 i U j t r> I jjjIj_ju_> Jj^LLJj i4__L__j__x/ ^L___jV j_jj-_*jJJ 

CjL_-4 ^---U J-«J (jyL. JJjJLl Jj>- jl JLO (_-JJ JJ_l_ij___ JLj__>. J_L>JLLuf iL___J_CJl 


JL-l>- J-Sj-* (jy— 4 4-pL______J| «Lij__U-JI (j j^* * tljJL* A J . j_Jj_U i n <JJ— 1 JL_/aVl 

<-3^L«Jl l__-£jjj 3jl j->- 4j>-j-j (j-Ajj&j tL-_Cj--11 ^UkiI ^xjj_v r*---j (j-a 1 3 OJ 

c^J c^>UL. cjLLlJI dJLA JL-ujJ f!l i^j_>JI 
j ii ^ cy^j j *"» (_y5tjjJLI jj j %a j ( (i JLjjI^. * j **j <jf « L_-uL» <UL£j (J-oLj 

(_--&J iL r -£tj--JI t-fll ihCi rnl jjjL ^ ^pJl ^yj-uUlt j— (j-a SjL->.lj (jjh 

Ci».» i^ 4_jjL___9 4 Mrl r n (j-Aj «(LluL» 4JL_jjJ <*U_jL-J1 ( T )j_£}jj-Jjl (j-jLc» Jui__ 
<jf Jj--J ( *1 (jntrmirT <____ 3jLu_a 4JL>- ^-6 £JjJLl _-JJ Cili^j /_--jJIj '4jLUj 
3 * "< r n V CjVjL>JJ J-J--q-J> ^£j ^jJjiJ .(J^J^L (j^l inMJI L^JLu=lj! i \ n rtl 
C-ju9j JL3j . 1 MUrt 4 m hmJI _»_!_> j-C ^ccuJ fJ-_ *L$j ^ tm^Ut JL-t_-uV1 

(jl Jl3j3 (jnjo oljlco jjj! JUu j-fljj_jjf j-ojLo 4 n\ <r> n II 4 m i »11 JL_Lfl 4_oL_>- 
* ^ tj-^JJj-^ f-t-u\ \ o fl jl r (jlUj (jL_> (j^ILul ir>*^ (ji**i m ri ml (j*< j j *^j-ciJl jL>oVI 
(jlSj i j_Jj_JJ (j*J_J-jL_tl j_jjj« (jjj o rtll (j_c J_ swlj 

4_j_j__>jf CjI In JljJ)[j jj-JJI 4 t i*of ^l, \ V "< ( ,iL j_jj_U t_fll im^i ml 1 

___. ground controllers er jL__j^l "Jl jJjj , * jl__J_ landers 

__IJ 1 fl njjJa (____£> Jljlj (_-Jkj i y (J-jjjj-3 4 m rimlL JLl__jVI u ~t jj*^j-_-JI jL>_iVI 
I <i mj *L^J (_y»l__>Jl jjjj t o^TI 4__5e-cjj ^--iJ LJ_x>- i ii «nj jJL-u La ^ lr t jjjJLl 
(_-J- Lbjtj rtl i nl JLaj 3j___>La>3 (j-_»jVl (__Jj CjIjLLI JL_ijJ (j— C ^ j-o JJJ-3 ^J**' 

* jjjJLl Jj^>- C-jLj jl JL* 
O^L_wjJ| ^.-9 Sj___iL_j_4 3jj_____j (jfL_*_Z_\JLl j j r jljJ_Vl ^yJJ 4 < i ii ilL» 
jlLc J anguish l_jj£J1 jj , m. jjJl___j ^ jt r < ,t m II (j_o jjSo .5 M x\\ 
^lj-_wf tj_-_j-T (jjjJI ^L-uJJIj JLwjJI 4j j « mij ^jJI [4 jM 4>>^ 4JL>.j J_____ 

tj^jl U^U^^J Jj-S er--*- ♦« J^LilII Ju5> J_I 4 ji^ U ^^Lj_>. (j_« 4 n {j a 

-♦jla Jj-a ^.Ja Lc_aL-__4 4jLl>. ^U» c u i>i^ ^ jJt jLa -u_aL>. (j_« tOwen 

:jU__-jVIj j__bj_JL pjuaj* ^Vj_4> 4j ^j-Sj La JfT (jt» :M-jL_i (___a____jj ^CjLc^II 
ojLo t 4_9 lil_-v ~-flljJ tSjUJL_>- l_jL-c1j-__>.| tjjjU>**i II j p j 0 , ^ ~ 1 1 CjI j_l__j 

^LjI LujI (j^«J (j-jJ1 Sj-^-K^t jJ_Cl (_-_A L-il3 . 4jLlaj 1 AjI I 

jl j_-_jI ( rtn i ^ j-4 1 d i *^> J— (jj • 1—4 (j ^V >*ii J-J--J r<\o ii^l ^J _-jJlj * 1jjJ__j 
4_»j|jJt 4 j <*^jVl J^lujJI O-JlA JL-v-I l_)L____j LoJ_lt_3 L_JJjJ .(Jj_->.Vl (<Jlj--JI 

(j-O 3j__ -AJLJ (j_-J . 4___>---_o J-«Vt 4 M-*W (jj-O (j? (j-CcJt,! (j-O ^L*J_ Lloq___jL 



Ij_>j i^-k-aJL 4jj___J>1 :L_L___J1 ^ J_Li j-^Iiu Iju t JoLx^yij ^LSLJI 
. jjjJLl SO-^W (jIjju galactic ghoul «JjU t^-WJ. Jj__,> ^ ^;>___]| 

<j_-_-i__jJLl ^j-a- ^LcjJ^L <_m < _ a» t 4jI j( 4 4-_uL-_____JI ,<_J1 ^L^-jJI t-ocjj 

J<3 "J 1 (j_~j .« ^ *W~\ ^Lc ____ 4__i___>jV1 I a ^IU^ «j g___-jL_J1 (jOjjljJLl 

t Cl*j JL_>Ji I JL_> J__* _-_?> (jj___J jfl Uj *Lo_UJI -toj-itij La,r (C 4j_j jL__Lc^I 
.( 0 )(j_ui_4i! _j^Li__, 4 n j J^iTG ____< _-j1 J-u 4 j <,i m.U 2a1 -~ ,^t| ^L-S 
4_iJL (__VT _> <; <_> i ri *j II j (^yjojJUgJI J mi rill 4_>.j I 4__lj____>J1 ____« ^--Jlj 

(j-ujL*-l jL__U^M L JlJ_J- (j| J__*J» : jA_iL__ J-_«Vl _>JJ I J_£_\__LJJ ♦ jL_i___JL_J I 

( V )JPL |»1 «? 4_tjj__ 2j_aL__x t_jjJ-=- SL.jjt 0)Ljj1jLJt r<y"n\ . j__jjjjjf 

i Lu j j-_-J L£ 4j*_*jj LbjLt-L 4JjJuo __J- (^jjJ-LJI) _-"< niU j__ jJ! j>___it___jj 

. [(_£>>-Vl _-_>tj_-U « L___L» 4JL_j L$l__j- ^--Jl 4_ul <>> rtll _>_u_J1 jj_u (_;jJI 

l_4_lj iJj_-_JL ("rTr JL_ 4JL-jJ1 _)L) ^j-uLJI (j_a 4___j_4-_t-_o ________! ______ 

t jjjJJ ____■ 4_aJL_Lj_o CjIj ______ _jjvj (, r i"1 4J_1 (___-_ 4__Ll-__>JI __J- __jj__C 

*«jj, o 7-Jl _>c La^L__-1 «L__L» 4JL_j JjL>_j (j--Jlj 

_yjJI jj m II _£J__>.t ____ q\ (dil 4__*-j 4_j___j -c-a^L-c _>Jjl « vV (j? -LL«j 
jl_L_w ^ JL_ (jn'f>- Jjjwjj _L_u___M £c__uj_ .g__LL_ 4jjI JlU 4___jJL1 I ^Urt*<t1 

_______ I (j__*j (jL-_l ___> ^L-L-b IjjI o<- 1 jj __jj t 4_jl jtJJ _j^jl__l_UI j_jjil 

«j__2J1 J>-j» J--4 *Face on Mars «^..j-jjJLl 4j>.jJ1» q\ j_«Vl 2l_j__vj ■ jj^a-kII 
t jjI m, i -La j_u 4jVjj ^t_-_-JI ^j__-t_>JI 4_>.jJ1 _JJ_ jl iMan in the Moon 
^jJUl JL_LiVl «l__j____J1» ^-lc ^gj m. Jl ^L_-jJ1 Sjjlj- ^-ic . v ^ mm 

_j_*-j (^--j . J^L__Jlj ^jj__JI (j_« 4-jj 1 j mi r Cj^ j^ ui*t J--1-- 4_jj>.jJ1 L_oj____*-j 
u_J jj *-j-t__>jJI 4_JL__ jj__o JoLaaJi jjj-3j-i i ii (j-ujU* (j5v o J < (i i J__>JI j_-> jJL- _£» I 
_)-« (___-JL_- jcjjJLI (^)4-j__1j_Cjjj-_- _)1 *-j___5jj j_g-___ _---1j i«_-itJjJLt 4-_>-jJI)> 
_)J J n"< tj Jj-ic J-JjJI Ijub j-Jlj _)l (j-UJll _>-J .^ljL_t_VI _-_» 4__CjJ1 4jjJ 

_)J-J1 Uj < ii ^-»1 t^^J -4-J--- f<\ j"' t" 4_lL*__ ___! 4__»JJ_I_4 « L__L)) 4JLSj (jL 

,4j_Vl (j_- JLjj-u LJLc 
(__J1 l^njjla (___> OJL__S __>l_J1 (j____J1 «."«jj.ui" JL___ t Jlj_--Vl _;? ___CJ 

(__j <m f »1 (___j__iL l___5j__4 3-Lj LlJjUJL 4 in-L. ____ i L^ji jj_ aI-u! ___s jf ^j>11 

4_jjI_4_]I 4i__a_->Jll (jl JL_jll (j-a» :>_____ j_-Vl (jjjl j-^Jl-J .3JLJJLC _j1j___J 



^jjjcJI ijJj Aji jnlmnU Cj LL> jJI 



f L__JI ^y-S \ ^ AjLa 4_jj|jdt -_j_Sj_U -__bL_«5J ^ ThniT 4 1 1U jj irMI 3--_*.tj j-$-_» 

0 _____)] «— -wjj L ^__-lj_,l ji^ *.*j <;t ,' l£ j-Jlj iL-u^oj }L_*__« -j— ---9 ^ \ ij L_J j> 3n u _u3 L_LjjSu i*i*\\n 

. (., L^L),. -_JL_j jj___») 

4_i_- Jl_- <_£_Jl!I C-_j-l Jj^i-suj . 4ln i -__« Cul_i Cj}L_!I 4_-uL___Jl (j- t<A\ J____J 

<l_-j jlLo LaLc jjjj 1*11 r _y *V*1 jl___ (jL_ iALH 84001 ^J—JJI j__*__*JI 

-l_*_u C-_Sj}Jl 1 JlA J£ J}L>. ^j-CJ t 4jLiiJ 4jJL« CuL_i ^-l!! gJ-LLaJI 
^-ajJL 1 *r t *w j j^l_3 i4jjL____4_Jj .j*c_)jJJ (__J1 Jj___»jJ1 l____S 4 rj n m _£l 

i *i ^o"l ^_L_ ^l J__-j LuL__ i ^jjJJ _-__ £-_~jL_J1 J»>j_l__ Jj_i LoL_ ^jjj Atc 

fjja (_____:_____> j — <a_*- Jj) V ^," j j '^j i utl _L_>ijVI j^LLsJ (j_o 3jl_2~1j 4___i J_l__3 

JjL>. 4___vL_-_<S 3jJ___U f (I <H mJI ^ L__i!1 t— fli itX*i i f)1 Sj-JJJ <_J_L_j| JL_J-_>I_J "-"1 

^_J_JL>. 4_l_—j (j}i-_>J f^-J-? i O~lJ — I UJ^\ lV° **— ^ J coTJI 4jI Juj CjI \ m il_q_JI 
Jl__l__ > Lug ^JjJlLi jrL^ T^t t J-J- (j-(-->Jj i \ ^A^ ^LaJI ^-Ja ^gj " m - U l_— -tj>_> ^-Jl 

.«f L$_u VI <__<_ *Ljjl>JI 3j*L_J1 dJuk c<*s Ajt 

JW^k* Jj>->--5 _>~ CjhU^* ^ *^v 3-Jjj _y_ j_)l jJi (j\ 

(^)jJlLL_-jLj (j-ojLc J_tj t jj-2-il JL__jJLl ijc_jjJLl Jj)_>- CuLlJI djljLA 

4 \ W*\ j i <t imjj ^l l__i____J! (^yJI j-LuLdjL (j-ujL* (J}J___u1 , jujJLI l-i i ii 


£jjoJI t_JLc &U-» O-wJI 


£--____ ^jlc 4 U^ , * *L__uL ^jjJLI *tj_0j ^o-uiM parachute 31U^ ^jJt-i 


i 4_c 1 < J I (___]. Jj- j0 c-oJl j "i ( ii ntl 4 h rt i n uoj-jJb 4jCj < n (jVj . l___>j_-JI 

Jj__ Lojl^ ^ 0 L$_Lo J£ (jiaj^ jJLij 2Lul jj_> (^juL^I 4__jj! inflate j-a-u ^jirhi^ 

3 j c\ ^jjij) _^ii 3 *m ^yLj .<+£jSj\ ^Um,^ 

t jjL^5 <>> nll 4 ; j n , „tt fr LIajV 3) j-kj 5j-J-oJ J^11-_j ^-.Jt * retro-rockets 

V * ^L-_Jjt <__J} j rtrttt (jL_La} jJL_uL__jL ^j-ujLo 4_4_ij_<JJ (j-ol J^Vl dJLA ^r-jTl t.u 
aJJbj .^jj^JJ 4 gj.trttl 0 * ) ^j /^jAti Jj ^ tntl JL>-t lj-"- 3 rt.^ \ J__ju-$JI j Ls JJS 

j^i_3jj :ury>-j-5j-A C^lAIola (jjJj Ares Vallis JjjT <_£j|j 3Lou_.lt 4 nUUI 
(jjo ujj^JL lander 4,j i__>jVt 4 U t, I £-__>jj iJoj j $\\ I j j f « *i 1 U i n « i, a ^rU i n 

^rt^* (j<m Milt J-J-> ^jja 4 j 1 fl j * t"1 (j_--_o 4__*-j Jj ^jt-jj-U frtj*i < nVI J___v 
l^j-j--_- ,j^Vl 4j1_4_ ^j .4j .n^.tl 4__LJ_JLj J*jlj ULMJ. Jj; A"t 

otjj h ^j-C <N,-r jlt jJblj-ja jLjJL_>-I <j_c QjJjj mLl «Lt-iL» 4JL__j ^lj i -%» 

La ^.JLc ciJLuk 1 jis jjLj ti-a-v *Dao Vallis jt j ^ji\ j 4nU >-> 3jLj (____ i3U"<-r* 

4_j_-_>Jl (_i.Lt j JM-sw tSjL_>Jl j_-uL_JI (j__i ^LII ^j-j-C (J^JLjj C-jL£ jtj 4jL_>j JJ-U 
j-JjT (_^jtj 4 rtt*wa (j-J ♦ j_>il tr> < «i l-JjC 4_)j L_>. <?L->a LgJ C-jL-? (j-oJl SjjL-JI 

(j-yjL. (U^ j i n*^ i^ljj L« (^-J-w jj-aVl OjL-_ jJ-_ iLlj-c*- ^L jj JjL-u JIjj V 
^ Y * ^-J- 1 * 4jL_-.L-jJ3 jJLj ellipse (j_-_sL ^U> j-^-i-o Lq jLSLa (___, jjJjL_jL 

,4 nUiU dJJb (_,_. >L-4 
I ^"Kjj>-- ^j_-ij tl 4 1 4____L_vJI plj_vjJt (Jo>Ll_^V jJ_uL_jL (j-ijLd ^-Jj--_J JUU 
4_tl__C _ft jl__ j Upright (_£Jj-4--JI ^j-ojJI ^-J- 4-jjI i>i Atl 4mi1 nitl Cu^uJ 3j-_uL___Jt 
^jj___i_u3 <( ^_it_jjll (xj-JI J>U- ^J .O^L-cu^t oLuljAj 4JLqjJI L^IjjlI 4-j-iljJt 
jjj4.^ttj jjj-JJ 4jtj.jUtl j-toLil -c-t-JL L4J Sjjjll jJJ-a-suJI oVT jJLu-JljL (J-jjLj 
jL_ajVl oljjuo L__ul j-j i t-t ,! >o Lo5> t Lkljj __jJi jjit-__JI j-c 4 Ah^U ^lj_Vl 

ja 4i__ l-Uj (j-A ^o_->Vtj . 0< iflU tl 4JL>. _-J_-. l-Aj t "lt meteorological equipment 

ji 

_ 4_ujj---Jl 4jj_c L-v_tJL-5-? (jwa (jjj Ti 1 11 iTampS <\\t n Jjrim j,A n\ mL (jj*jLa jl 
.^JjJLI ^Ur 11 -t-uJL (j-djVl (j_4 Jj-vjJ j-3jJI 4jjI j 4jj-C Jjt (^-j-j 

l^jJI rover «Jlj^L-d» t j j 1 ^-jl___j !jl-u ti>^-l oL-cjj_--iil J\ 

L-_L-__JJ ^JL_3 (^-J-C 4jjJ_> J-jjj V jJL-jL-uL (jj.jL-4 4--ui i>i rt tl 4 i j <i , u\\ 4lc 
(^-Ijl oljlj.i utt ^i-Lci ^-JLc tj-u-> JUjJ V La j_-bj i(jrt-4jL3 ^-JLc 4-cL__-jtj i^JuiJi 



t l_j_x JUlJ Bj^-CjJI 4 j V jjJLl (jjijjL^a-jJI ' ^ * j j mt l ^ I <j ^ <IJ (jjJ^lj 




^ j fl trn^JUtjtDao Vallis jb ^jtj u o ml 5j j < ^ SUis £_oj ^yi^j^a jLS^j i_J)l^_> _\_>-t ^yic 
J^-l_j i_J)L£ oLJtt ji jjljj ^ylllj <«£__C_>L_» ijjtjdt *-J£j-.t I g " U n " 1 1 ^LTt «jj___Jt »■ j 1 ■ ■■_■ 
1 6 J "J *J^-«!>i LA»Ll5 i(j^luJt otu^Aj -C-« 3jL>JI 0ULI £_^LJJ Ljl9j^ __j_> Ujj ^JHIj .L^-II 

.(€__wLi»-J_fcjSjj__*)O r )sinters aJLJUt u^Ijj**-"» 




_jj-— I gyJl^jl inl nioJI CjU_>jJ| 


Jj-l-_j .0 V ) c-jjj-iu -Jl t ^ c \ 4?Yn 3jLj m< J-_-i-t jyi J_>.lj^ j_-__1 < nKT* 

«Jlj_>J1)) 4m i in S_>L_.V 4____ \ T L_ j_-i___ * ' 4_j ___~Jl_j £lj____V «L__l_)) 4J-£j 

tS. Truth -ujju jujj__vj___g l__ j__jj ^^Lc (Sojourner j_jj__f.j___; j_->.l_J 
JjJa Lo 3jJU_ ____ cjj_4____,1 ___J1 J_j___JI evangelist 4_pJL____ijj_JI 3 j______JLl 

1 1 L__JL_u_j (j_J iLiJjjjj-Aj ___ 4_-f OjJj ^UIj t4_t_vjj_~VI 4_tL_VI l_j j->J1 

^L-.j-^ua <jT juuj . UYV ^UJI ^ Jjjjl f L___J 4jVjJ1 *L_JJ J_x3 

L__4__ jJ_vJL -j^Ajjj jL_t__J 4__C j_i_j j j C . 3__jj___j ^_-L-i _£_jJlj) Lg_u1 jj^_*_J 
tL_)L_%__jVlj C_£5_____JI (J>-fcJJ 5 « nj ■ -tt /ya (^______JL Cj_Lj * 1 <j o miI j JJ »* m 

. c_jj____JI _>>. ^ljJLl j_-<u 2b_*LiLI l_jIj_<uJII _-— 4____l_vj 

jJ_uL__jL _>-jLo tL_____JI 4 i j <i mi! 4___>j___J1 -r j" j i n ^jjJkl ^»jj J_* <jj 

jlajj . L^ ^L-_-5_r_--tL j_ijj_>. j___ Jl j_>J1 ^j— _ _)Lj 3j_) jl>- _£L~I (____ l__j *"U 

-r , n 4J J-J J J_>- j_a_, ^J___L_<__ (( j__j_M (j_4 3 Jj I jJ I —J 1 ^ J >j-J L IjLt-lij **, i nlj tL_U_ 

_ys ( u ) -iibjL ^j o <jru Lo ju__u (j£L4 _-JJ Vj___j ^jSJI ^UmJ J*L_ 

4__l___j_o_. 1 1 4_i__4_ V 3j_lj_^ 3j_i__i__ j_ijj_v j__ 4_v1j jjj . 4 j._r>j VI 4 try U 

. L^Jjj- (j-4 jj_U <jl 
_-_J1 4_J_-JL1 jj_i*____J1 (__JJ Jj_l->jJ1 (_]- j <r>^V J j_l J J__V J__l_ 4 ,4 _ 6 — — - 

(j-cj i4__i____j _ I 5 U -_ 1 1 \ q " *; t ^yUI jj___J1 Jj*_-i- (j-o 3jlx.Ij L_$j1 \ n " t j 

jJJ____J 4j| J| J__>JI J.q_-Kj t L_U_ ^ J U*i inj ___Jj . 1 ^ m ^jj J J„l "I 4jjLs__4 

j_J___j J<_-tj j _$_*_> L_Uj_i Jjjj ijjpt_i__Jl jjj-____J 3^L___JI 4_JL__ 3jjLi__v4 

fr1j_vV 4___J_oJ1 (j^J___3J _f! _/LX> jJ J-ti>J 1 ^L.L4_L-u Lx_-1 tJJ,~r <^>H OjL_) (jj- ^tjlj--- 

(__!! 4_>Lu_>yLj . L_>j_J 4___{^lXI 4_t__jjJ.1 4jj_i»____JI ^rU . ,.Vl aj^l t5_— - a- 3 - 5 -- 
(^JI L_!j^ijjj Ijj3-a spike 1j^_j5* IjI <ima _)1Uj (j! j_jj_vj__< JIjjsbJJ (j_L oj tL_Uj 
Lj_4_J iSpectrometer ' ^jUlt L__L_l_U J^---j U-^ M^"j>L--> jLp_>V jji____J1 

.jjit__Jl aJiA l_-j_»jj _>__ 4_i__L__>J L-jLajlt oj 
J!_4J jJujLojL (j_j La (jL_ i jj-l-Sij 1 11 JLjLk 4-^L____JI 4_u___t_J1 (J_La I /jl** 4j 
(jjJj-> Jj_u1_* 4jl__jJ1 jJJL-4 jL_t____ 4_4_l__j t« L__uL)) 4jl__j ___ l_UJ__v lj tr\ C. 

Ijla (jru LL_l_v1 (jjjjLSj (jj 4*\^"il1 -" J^'^^1 ij>--<-1 t(j___>.j- , 1» :Goldin 
_n-ul jL__vV J-uwJI j-__ ju tCjljljMitl _-j^j\L_x-l4 _jjJ 4j_____o 4___Vj t jL * m . I I 

-JjulII j t (jn__x_Li> iill (>"■ m n i.tll tj__jL__ 4_al__j C-uL_' .(4j>L_JI _yijjL_I1 l_Uj (j-4 


g_j-JI 6U=» o« __aJ| 


i £-_oL_Jt Jl^^A __]! 4 „j u i M L l^lj"' a t>C Ij-l__> J_u >Mt| CjVjUuo (J_j 

4 er^J i4_xcL>ojl jjjlj___> 4tn <J jj j n t n. J_»j_jjfe J)j ^ -»o t ^ U ___I|j 

j.t tna j m,V a £jjf CiU*- Lo^ t4_ulj_b _j_L_1j 4jJe_- ___c lj l ^Al^ ju^j 
_>-jL_i 4-jj1 rtll 4_j_ijJLt Ci,i Ti jt __£< «Lt-L» 4-L_j JaIjj *_>->jVl __Lc 
j-c _-L_, 4<4, m> Jjjj _" £Jj_j-U ^J-^-l l-_>L_JI (j! ^-Cj ____ 4jl jJl!jL__L 
juj1j___ __ll 4_vL_*Jt <jj_. (j_La.4 _yn-l imTI Joj i ^tl <j? VJ t^j-sj-M _--_. ^ 1 *' * 
JLujjJ ^jWmM Lul jfltVt _j! jjj_3j-i_ JLjJjw 4 , nrt mt l _ - lt *fl * JjJLLj . 4_tcL>ojl 
. A '^*^ 3 rtKl i TOj-ll Jj_- lIuL jl Juo ___ j j r tu I 4 jfC j"i La^j 1 CjI j_-t 



-_3U_J L> L-Jj^j (2Lj___4_t) UMio 5___wo cji y <i*ib (j-yL*» "^uU-JI -ijn mlt -__>L-11 _jM_-_ t ijj 
_jLl__I *j-j-._jj-j» i.t oS:tl _jL-*_*_j w___JI _>1-_U (j?jb-*Jf *U__J1 (»>iy .4-cjj-^_JI 
,»_-j j^c <j_j>».>_< tjju-UI J(>>J< Jvlj_j-_j -_->lt cr-c Aj_*L_!I 4j>>-* oUi-ll» __» 4jjjj_X>yt 
.2u-lc ujjUo *lj_*| ^ _>*_>i *____! i_J>Xt __-_v _JU-*-' 



jjj-JI ^ j »jlin-imnll C_U-> jJI 


J__-_ jl ^ ^dA^ '*-ft\ <ju^^\ 4_uUb-AJI 4 m om.H Ijj-Lo 

Jj-_- Ij l r„ c LgJ V Tt fu» _y>j < *t <\<W ^ L*J1 4uL_i J>-L^ J—J^ll ^JJ 

4_aLu_VLjj . jj>^ ^trii» __JJ landers ^ i^jt <j*C_____<i J__*j_ij 'jj>il 

(jrtJul <<(j^j_Ii_-4)) Jj*LJo} 4jj|jlU 4-jj£jJLt <?JL£* 1j>-L° JL-_9 te_J_ ^-JJ 

t3jujLj* 4_cj__uj £j____tl __JJ jL_lL=u probes (jljl i m * La_*j tpenetrators 

j~wc ^yic 4__j_WujJLI 4 jjJJI Jjjj " (*- o-a 3 t4_AJu__J1 Sliaj ^^______uj 

j-a 1 * ^ <v , "i \ t4jjlU*,1 Sjj intL ^L_j.1 ,^11 jl J — _> J-*-C jJj . ^l JL__4 j. — u_u 

1 4J_Jl9 oL-ojj JJ-~H q_C ^ lr j*c--JjJL1 £ — ____J «_jL_-uL_*3 Jjt *lj_>.} 

jt !n < mII __ L_ _1 u_>jjAJ CjI JUl_4J j— jj ,<^a" CjVT Cu j **<„"(,,)" L___jI L-aLoJj 

^-IjJLl ^jut ( j_>j____%_) 4 j ?>1 i'<->\ oLLu -_-J ciLJ jj lOj __L_j— « 1 — «_^J_j__i 

.^jjJLl _-__ (__"jj-4_l 4_U_u>JLl 
(jwa « ^jjJLI» c__J__ul l.^i *r * *t ^*\ j-i-^-ijj _j_a j mi r j_oL_J1 ___& 
<>3j^J_M 4l^jJLl t Qll Mt^ljl^ ^ ( n ) ^jSJI jjjjSjL» ^LLj-c 

JcupJLl _-J} 4_pLu___Jl 4Jurt «m!1 t_jjJb tudJjJ 4 T Toj . Jj ilui^l ^ £jjLu_Jl 
jjjla Y * * 1 <iK**t Ci«lj 4_ijaL_> 4jj__>. \$* a 4_*Jjjuo <4jj__j4 Sjj tn \ (_£jLgJl 
cL^UJI j_d JjJlJ I J_l_ _y» SjuJLC l_jIjj__J j <m i ol \$y 4\\ <r)-w (_--Aj ijV J J 
^__i-_-__u (j-i-J^JI g-l in nll jc — «LjjJ jV j . I JlL ^jjj Mi.r (jrt — _j jJL^IIj 

ojL__ t« 1 _.U» 4 ILSj jJ L^jA__l___o (j-A (jjt (j-o 5j___ j ___1 ^jjlj 

JL-JjLw (j-fl J_£ ^-J- L^J*M j **< a ^jja j-j-_-vJ Ljjj J_ul JLjj-ll t_j| JL_j__o 
4-_ol_- tj-J-^l 4 j i i)l < n-w j — j_3 jj 1 <j t > <>j-j (jL?j tjJLuL-uL (J-<J-4 J JJ-A-J-i-l 
ijJUI ___a_*JLl __l JluJLI dJL-r- J^ JL^jjj .jjj m w JI C_VT ^Lt-J 

L_aJ Cc \ <V4 — lll 4j jLju___J1 (j i rJI 4___L_J 3juJL_>. 4__)L_>J Jj_-c_4 4jJ_4^a 

__J} -4Jj__-J -jflwy 4 -rj -r i r> 5jj_i__J J_wJ1 ^-.i Lajj ^JjJI ^-JJ Jj-t-ojJI __> 
i^^-^j^JI »1 trt n\\ j-aUjj 4j1_^j Jj-oj i^*\ ^—jjJLI 4_-jjl_' C-jIJ-* Laj jj . L_JLiJb 
^-_i 4jj,« r r> (jV1 4_w|j_l_w (_^jJlj i Jj__JL 3j j Sjj_u_j 4_Ljj_4_j ^w__L_j ^ jJI j 
jl i JL-. ^f ^.Ic i^LJ-Jl ^-Lc. L-OCJ (jSJ ♦ 4-ul l>>rtt| 4jL_jJL (jJj." in jLcjI 
^jtn^-jJl^jlj o," .r,Vlj t4 j ,1,1.11 4 T j ntl ^JL-. (^ V~i^U 1 jJjL_5tJ 

.4j_L____JLl ^-^L-L T iT 



<_-! J-JI i-JL- SUs» qc ilcuJI 

fejti <-!! *j -i *u-_i ^ * ^ui 

^Lc l____1__uI <_--Jt *L_-__-_JI ^i -a.- ^ - *L__ijJj ^-l_*____j <j£j->. * * ^jL.* 

^^j.ALH 84001 ^j-_L_JI j^-j>JL a^JUI j_u->.Vl j_-__ J_tl <\M 

^Lc. 1 g^yd^y iU j ^jojJLl ^-Ji ol> jJI L> _4 i-JLJI n -JLi 

4-j . .1 A j Cj^Ljlaj <_£ ! *lj->-i LbJu--. <j£Uj ^--Ji 4_o-jJLl Jj__JL <*.U^ * > WA 

jLjl_>. 3\ ■ o, i >ili iCj^L_>. jJI ^-_>l c<J>L£ j n 4 i\ ->Ji ^j i <> >J _>^_i * ^ ^ jt^ 

4jj_i JL*j->-Vj jtJj^aJJ 1 * <ig4 SjLjJJ Jjl__]L i Jlj->- 4 <i<w^a i^__*jjJLl jjjJ-J-l- 

> U K,.,U L>JL_- 

5lj! j-aj iMars Surveyor jj_l_j-__. <j-ujLo j*t>LLV «L__L» 4_L__j .Uln^ 

j-y* -> aj j <___ jJl_uL__jL ^jLaj jj-j_- j-__ JLjJ_>. ^j.- ^j-c J^H^» 
4jjI 4 i-^j-a p inj < o jjo_9j-_- _>-jLa (jL__ '(-CjL-JI uLiljja Jj_4 j . 

^-J} L^L__j1j oL)l j ill J-t-c l.ij ^j (j- 4 s-*^3-^l 4-_JjjJ orbiter 

4 jlj ts\ <\ \ CjU\ t<~> ? " t iil *lj->J i <j K<n lander 4 j ( >>jl -J__st_Aj i^laj^l 

0L_xJ_j_~ <^-_-_J-_X-_- k JL> _£| (jj-Lcj .C-__iJ__JI ^tUki (^r—C 3j__LJL_j_0 4_>1 inl 
^jL-JL 4_j.«-s>jS*l aU^tU j 4jjI jJU 4 , ^jji o J_£ j r ( ,„ <^*.<jL--J1 
« L_uL » <L!_-jJ 4_J__>JI <5 JwJb -r j"nj * jc-jjll ^-Jl 4 — L__x__Lo Cj^L-^j jj__l_j___. 

. 4 Kj JSJ t Ljl,,.u 4rtK"tl 4i^in V;U Delta II T LJj £_jji j_-_> ^ljiir." .J 

(j-ujlJL 4 j ^J^I 4__La->-U -ij -> (jj-iCj _9 irijl -r << j i aJ I jm ^ tij 

4 «__U ^^y-J- 4__£*jL_b J. - l J_J t^-_jj ^ H 4_____Jj_4ji Jj ^ . iJI J__-b jj__i_-lj_i_a 

4__-___>JLI ^j—*-J lLuj >. i4 -uj_l_>JI 4 j j U 1 1 4 — aJi 4_-j_l__>. c 4-_jjj_-i- 

J__ujj ^cj 5 , L-^jI a \\r> i h AtK* itti -&j t 4ji.Lfcj <L_)j_jJi ^j igi 4_4_i_ojVi 

.(j-oj^t ^Jl L-»jj-l_- 
JJI jlj > ^^A ^-L__ j^J-l jl ^ i I 4 t tt h'\ « jM_U)/i SjlJ-L» J>L_>.j 
a . ^ii il l 4 m rt,,.fl 3>L_-LL ^l ^ 4JLjLJI ^L__jJI ^j^Imi i^^^^ 
Jj--_-_5t_J ^-jjJJ Jj->- jjJ-J (r«.«i ts> Ljr^h *^ V ^ «Planet-B l_j l_-J£j_CJI» 

j__j_L_I1 <__J < lj .<Jj-_>Ji 4 C c l_jI 4 j U U ^j— >a JL-jjJi ijj — Lc 

< ^ jUU 1 l-iLj—J — c J_^-__>0 «L_J L-xSj_CJL) Cj lL-C <.-__ J ^Ji i j £t> ^ J J *1 > -i 

CjLjSJL 4_j1_u_-__u l-jI , .iLaB tij >.V 3jL_?_-_UI oLj^jJI ^j— * ^L-xJ_- 4— « -o 

.^J-^JI L-S>LiJl 


:<__LL4_I§ j*-__l<>*LU 

ji I ^JI t__k«* *_u uu 

^>_uJI j--*_>Jl J-J- -JLLa <jL_: Ijj L-~ Jj^> j__l jJI Jjl->J1 qLZ 
:^JL3__J1 Ijla ~>kj ^£-jjJU ______ jluu j_U 2L_*J1 jj_*ij o./ij * ALH 84001 

<___. ___■ UjjJs iSLj^JI _j_>.j ______ j__j__« Jjjj, _____ Jj_ J _ a _>J1 ^ J/Li L& IjJ 

i4_Li*jjJLl JjV i^IT CjLcoLlS jl jj i^» Jj-~=-« _,!<" ■ Q- a ^ J J ■ ^J 1 _-Jj 4_*-_>. 

CjI j_l___>JL1 ___ u lj ir^ <i~ Jf> mij 1 <j"i , Jj_ ^cj-J t \ $'t a 4 j n j n Cj L.j r ______ Jj 

4____£jJ1 J n^U-,11 _JJ3 ALH 84001 ^j-__JI j^*_*JI _W->- ^j^J .3-h^jV| 

^l, V < »L 1 1 ^ n j p <:Lal*il _>_>j_l — 3 jj W*i 1, 1 Cj I j C_>JL 1 _-u_} (_--f1 2jjJJLl 

c!j->J J? t 4t (U1 4jJ--M _jj- 4j_tl___Jl jljLC _1 ___>. frl ■_) ____ Sj_L_ CjI JL*_<1 

.4_ujvg_JI Cj^L^JlIj jjjJJI 4 * m 1 1 J V" ( nL 3, tnt a 4_uL_u^ JjJLkj 
L$j J-Ojj _y_11 _JJj JjJo ;4 j^jjL-jjj _M CjIj.j "V gll BjjjJLl Cj1jL>_^M ^£.j ijr^3 
SjJL__U c-oj^LcV1 _.j__ JLo*1 CjJL_-I _,!_-. 4jI JL>u JL_ .;^J_LL_J 4_lJojVI 4___>JJ 

JjJjso L_j1 1_1 i4jjj___>.i 2L_>J LLlj jf ( _jjJL1 im _,__ SLo. __>_ _)1 ^ t-w > 

* L__ Li__J . L-^jjjL*_4J ijlj jjl mi"<JjJ njjLSL-a ,V j rijj LaTj ^yjJl __1j J__~ Jj-jusLaj 

iL^jJjC t__J__lJlj 4j V Jj^jO 3jJt_LO ^ Y JJtJ £_4->J 4_X_3J__J1 LJ C-_3t-ut jj ^j-L__J___5t-4 

jj-i _J1 J_a__ujV uP—>- LJI __jl 4 _J_xj ^j-A c__JVI (jjO Jl__v1j >• _>-- J--J ^ AK~t 

4_^j-a_J! jL*_>.Vl ____: Cjb^S/l JLjjil ^l j__^l _j_J .j_i-T c_-_^ ^JI 2U.I ^n!l 
£___-_« ____ 4jOjJL__ SLp- Jj->-^ <LJ1 ol^.,* 1 1 o ^ _r____>_i ^-Jj _J-JJ ^ JL3 t4 j ^eJjJLl 
Ljjjj _* JL_ JjjJLl U m> (____ 4_ r uLu_v_3 4 (j n i (i Jj->J (j-jJ>-J ■ ^ J J ; ^ 4__^j Jlj jtJjJLl 

.j_v>-Vl ^£j£JI ____ 4_JL>- 3L_- jj_>»j ___. ji cjL_V jjLLs JjJjlj 
(_j__*1j_\JI __JI I — ^-LujJ ___J1 cjIj — tll _jt *( n i kV1 i_l___-jA-j _)l LU_L«jj 

L_^Jj_j__5J JuLc 1j_>. 4-<uJL__ -tj_i__j i4_gji <>i rtll \ tfji mi J-___j_I _jLa __i_l _^j__- _*! 
4Ju_u _)_o j-jl_-"_M *j___*J1 i tn fi (jj t "< i n" V Cj^A__-jJI -»j__ (jj (^«j . 1 j " d y j 

Cj^L>.jJJ 4-___uJJL) 3 jj jl__ cjIjJu-u jf t(Sj-AjJI jl jjjJLl __J1 Cj5L>.jJL! 2l____jJL) 

c___tj 4-ul ,'r.All _)rt (,.11 _jt j-_ 4_j_-i__l jJ-- _ I j-xs -1 _>SJ * (J_-jj ,jJj-_L-U1 __JJ 

1 jL_3 . L^-s^LLoj J___ 4___j J_L L_tijL-___-1 ^_3 t LajLjj <. L^_j___jl1__>j * 1 ^ <t j o («V» 

j___>l j_cj Jl___ t^Lstii 4_uL___-__JI 4-u_____JI j-i-ij (jl Jj_fl (<_jjVLL_^M 31l_L>) C____l___1 
.(Jj->-1 3j-4 «3_JL_LJ1» _*j__ ^-"in n _)1 Jj__ tjjj_<JJ 4 j mi (1L J-.-*! ____ i_j_____ _yQ 


CjLLuJI *_U- <jL-. t<j_3jVl ^yJI CjLujC l-J-w \ U Wiml LL_ i_fj_>J 4 j (jjoj 
-~uJL__J jJjioj pL*Ltll fe lU", ,„ 1 . o 1<4 t*__l jJI (^j . 1 rttUa j*J___tl 1 fl t \ t_>j (jJ 
^pJt CjL^jJL-iL (^JJUj L*u-_ 4_tj_v j»--"l CjLlljJI _JL_> C__-_»-__i ttfl*iiiitj._ J> JLJ. V,*w 

c/^A^ J-^w ALH 84001 (j^J-^JI j-*->JI ^J-^jj • Uj Lj_jjj (jl L^__-<u 
4 **\ 4 > j Ti (jJijJj i4-_ol <nll (jr>^7 <ij _>_3jVl __JJ J-u_j 4_f ^jj < a x i s . ^Jt 
<£j-JI IjU- (jjo 4 j <Tj j :t 1 jL____Vl j^jtil ^jI j "T f LoJjJI j-jjJoj j-«j . ^j M!j 
LjpjuiljjL» tj-*L- (___]! CjLljJI _-Lc <L^L_-J oljL__>-l ^Ij-^-J (jLCaJ l_-j_*_JIj 
< JL_- _;| (^JLcj . 4-ojJloJI jjjejuaJI (jjo S_UJ_>. CjLjI » a Jol iTiuil ^jjjSUj t_U__JL 

^ <^IS>JI J_»L___JI Ja-L c,K ,V «4jJL__> 3 jJtj^» ALH 84001<^jj_JI __*_>Jl_ 

(jj *<j-3jVt __ic (4jjl_Jl) <-ol£j_JI jji___JI 4^u_o La 4-jSLo COngealed Cjj_>t_-j 
^yj-J i4_uj__jjJI jjV i^tl jj_ JjuJL 4_L_jIjj 4_uL_x_JI LjjvjJj_uJI gt <il f Jljj Lo 

(^-lcj ^UI <___■_ _;j_>_) __l!t cjI 1 "j_Jt Jjl_j c__jJI jjj_4j (jjSLu ___!! jj V mtt 

»1 <Jf, (jH--- _>_J tC-L-Jj_____JJ 4LaL>Jt jL_*-__Vl __j_ jj V II dJL_ .(j_> jVl 

. L^i£j_JI jLs__-Vl _jL^__v ____ jj__jJ! <ij V *iIj-j_*JI l j-^jJj_jj_JLJI 

4_ajjj_u (j_>jVl Jju_j _jl L4JU3 (jSL<J V 4_vjjJ 4____ 4_uj__jJI jj_-____JI (j_J 
C-jLC <jj _ ^ L___JI ___ 1 ^rtllrnj jji___Jl dJU_ j_>__j ^ i __ w ^jj_u_j . 
dj_aJL__ j-L_T (j-JJ L_bLJ L_LL«j iL^-4-J__*o ^-Jl - i_ju-I jjjjl -Je__« ^-JLc 3_j_vj»4 
._)_>jVt ^-JJ C-1__jj JJiut t_l 4j_jj-j jL*_-L_ 1/jjlr l_5jjuJI (jS_4J V 
(JL. j^jL_JI -J-Jjl jl^G J_o j_x_j La j_bj i4jjjj-jl_> Cju-Ij (jl (jSLcJ La (jj 
rovers cjL-ljLJi 4-Jl «>1>.t j_> ^ jjjII 4 jl. 7^1 ,,n [\ cj>L)-j__! J__Jai__JI 
CjLj-c j-a 4^_jjJL I ^-ic SLpJI _j_>.jJ 2_L_L>JLt jaljil jj 3_j._- __jJI 4_^Lul_4jjVt 

4-Lo 4 j^-UnrTI Cajkj 4 rt jUTIj jjjJLt jJs-ui (jjo CjLu-C (_-_JI SjjjJI 4__-j 

^j_JI jrL-ju^i I j^J (j<Uj >L_ t 4-JL>JI «LL 4JLfTj <UU±\ L_u_-j .^j^l ^-JJ 

JL*. jf U^V^^ A ^ 1 -*- «t5^Vl SJL-L» j> (-1 JL_*J_a_>U lj_tLK (jjSL (jl 

c-_ cr 1 ! ^L____JI cj>L>. jJt Je>LI-_V 4-JLUI 3j__LJI ^ <jiJj i Y • M 

_-_• (j_aj>U cjI i j «Tl Jj-usjj t T • * i ^Lc JjIj! (j-- 1 J «^> "T t T * * V ^LJI t 

I jl^J Lj-flL__J !>-jj-4j « L__L» aJLSj _____ Ll 4J>L» : t ..,,1 ^jSUj jl_ * Y * * 0 ^Lc 

c__Lv ^mm 1 1) dJLjJL>Jl 4 jrtlVl (jja JjVt JlSjJI jU *Jtj--Vl ^.icj .^jj-__JLl 

jtjjjt ^Uin -Jal ui^*i 1 tiV (j_i L_>JI JJ_o (ji __>j___ i(jiojVl _-JJ jj_>il (jjo jj_3_-jl_> 





jjSLj (jj_ *__J_ L«jl_cj .<UjL>UI oj__ Jiu u^j^j"! _>j jJI _i_jl ^jru Ljja 

Lul-ui 4jL->- ^jja Ij-l±£ Uj>* U-">^ ^J^i JjwjJI tillj _ya Luoj jJ-> 1 J-~* _JL_- 

. McKay ((j_uj_>) j^j"' < njjii j_tj * jjjil j-* iLLlc Lj__>. *1jj 


t4 i^rttl djuk (__ 4-a___j ^L-La _L V <* _----> J—*J i_»L_Lo (j_Uj_i jl 

84001 ^j-tll! j-*-*JI _>-j_ _;jJI jjj-iJI j, j rtjj __1J 4jIj__ 2LLuxj c<.<u V 

_j__4 Jit- .aj o r (jj« CjLuj_jujS/I (^j3 ^l ^JLll jj ia.<L4j Jjjls Jjwj ^jbj t ALH 
2L__«l_>. (jjA «astrogeology 4 jM <>> L_j_vjJj_jl>J1» __a $1jj__jJ1 3_1 g m. ____ 

_>_^I j_j_j _j__J1 ^oj tLa__ j mi r 4 « ii Jjj3 j jIjjJj^ 
J~->fj _ , rn <i u i t l ^U__t (. j-_j jru 4_aM_«Jl 4_t_1jjJ Ljjjj-__JL_* 4jVj ___ «L__L» 
4_j__u l__JjJ_ _>_; lS^.j.U tjA__ul___tl ^"irtUrtJ L_l_* __IJ J>oj1 Jl_j .SL_>JI 

3jL_J 4__1__>JI (jLjjJI (jnj L_>j_j_bj I j j_t i r> (j___jj jjj_l1 ___; 3jj_>.^II __Jj 
__a 4il>_UI SLpJl (j_; 4f_5_j __a Friedmann (jU»juj_j jj-ajj 3jl_.LJL __p_*jl_ui 
«Lj___» _>___. 5jj ^jujI j t cryptoendoliths jj_V m tl 4JLp_>JU cjI_j____>JI 
4_jj _-Aj tHoare jj_b 3j-i__j ___ (jnUr j i4____i__l1 3jlj_>JI cjL>.jjJ 5 /1 

(j nj * t l (jja C_-*U- ___!! c-JI -rktl 4__ljjJ (2L_L>J1 (jLpjJI Jl_-I £__ ___) 3j_i__i 

.3jujt-t_t ^uIjJI t^juL>JI *U_JJ1 c_*_ 
u! '"'j ^ i Ju_>- j_«l Sjjt jlt (j;juL>J1 <.\ Uttl (jj» 4Jj__j _dJ_ ^iSL* J___V t jL_j 

(> _>_-J ^__ tt UI (jwa J__l jJoJl (jl__ jJj . J 4.J!fc_"J| (jjo 3j_j_c_jJ1 4 j 5^1 ^ i.4i 1 JUk 

Ij_uv4 LjI_« cUI J!Uj !_U j__>jj jJ~! < < \ ,n j_bj i«L_Jj(jja «:__*! -jjj_>. j__«yi 

3j-o__ai 4_*jj_i jU-3-i jl_-1 ^aj] Ljjji ji ^juu ___i») .sl_h>ji ji___i ^ ^ 



^Lc c__-__~_i (jylll] j-JLjJL>. j>j-_ jf jl>- __J_L(^jlj1>. ^Uut 4J **< M>.«aJJ 4__uL_J1 

lJJj JjIjI <j-J- 1 n,U v^ Jj_- CjjI J ^-lll 4_-ui >>irttl 4n ^LL^j *i <\<\1 

3jj_>-jll ^LlII £-a Ju_->IjjJI 1 fl X <ij t JljLJI ___ CjLIo-ojJ -J->-J Cjj-0__4 J__ ^4Ju_ajM 
JjL_ La L_i4j__ C_ul_£ I jl La 4_9jjJ, 4_Li_<ijJ j-_-JJ M-L_ ULc I JlA jj_L_L_u . I -kj 

.«__Ll_ jckjj (j\ i^Jij il^jl j 3L>J1 t prelife conditions 3L>JI 

>La La j_L-*t (jL_ t4___*L>Jt 4Tljj jL> 4j LjjjI j o3 II j! <j-4 (^J-"' Lr-^ L>^J 

rovers Cj__-_*I^_-_j 4_jIju < jjjJtt ^l ^LajJJ 3jiL- ^j- ^L <i ^tL ( 


JjJL . .j_OjVl (__]} JJjJI (j_4 CjLjJlC t. t *\y 1 <j <*N <1J 4-J-l ih^ 4 M rtlrt-l ^j >4_j5LuL^jj1 

jc jrCt, j-, «-uj gO-jojlt^j ALH 84001 ^j. ntl j__*__>J1 Lj__oI j__J» m;L-L~ 

Jj| j| 4 n i ii v Lo ^^jl t(j__j _M ^yJI CjLm .ttl l-JLw 1 <3^<1J ^y-JI CjM-j-jJI 
3j_i*___ jl ^ Lt") 4J_L_o ^Ll C_-_->jULJ Jl_ jtJjII ijr^ I <jj f >-~ C 4_«jJL_ 3j V 
3j j" a (jj^M lii (jrt_^lj_JI CjL-J-OJ 4_4-JL_JLl 4_j_3eJ jll (j_sj_M (j-Lc J->-JJ L_Uj__U 
4j_L_ 3jj-u_j < h I" **■ j (jL_> ___! JlJI JUjJJ (jl j- 1 LLoj ti a __U j J-*JJJ . LLal 
(j-4 jj J_zc *L___ __JI 4_vL> ___ LL_J j . LjLj j * r> \ m£_J1 i(jVi jjjjJI j-C 

(j^ 4 n r (jic Jj___u_*JJ Joj j ^tl 4_j__ Lry^Jj m^jJI (jLSLoU J_u__o__Jl ^-S jyojJI 
jj*_>JI j-^J_uj . 4 <i joti oLajl*J,L 4_4__Lo ^-J/^I 4Ujji_JI 3ji___JI c+i\£ Ijl jjjll 
jL_i t 4jL_- jro^Ls i,0jT,0jruL_«lL-Lo c__3j (___ 4_! ALH 84001 ^j-j-JI 
, [(j^jjju^JL (^lL m;j_>. L_e>Lj Ijjjjo] reducing ^yis^A^ t l__.Lj iLtLj 

(^-9 Cu i <<m JL_ ^jJL-oJI jjjjjl ^L>-j I ( * - J -*v (^-3 CJ JU> (j-JJI CjLjLjlJI (jl JJLjJJ 
(^-3 - j ' L_4 t4j > U nitl jjit___J1 £jLa >- '(j^LiJjjJI 4__jJ_ J__4 i3j_J__ (jJjSLj 

4L<uJl_JI 4j-VjjJLI jjit-__JI ^ ^Ju__j jl fiii J^ (jl__ I jJ . 1 d">u 4jjVl 

. >L_>I 3 J j^o CjjIS» (ji iSL>Jl JJ^-J (j-JI j j m'**i (j_jJI 4JjJ _*l J__i_!ej jl i 

(.lc ^LSj_JI (j-uji ^"11 j! ALH 84001 c^JhJJI j^hJI j^-f» .LJLl 
__!Lc 3j j i *s (jl-LL. lJ1_4_i (3Lj_>JI jjj>j _>c r.-»- Ml L_*u_j_« J_Lcj jujJLl 

, ,»l JL_9j . « 4_L_j jn_j>L V , 0 (_-ic JLjju 3jJ s.^j-L L-?.jJ_A j_otu ^J L_^jjxJt 
(j-Oj-L_U (j-Uij i(j-iljjJl CjL_j£) (j-4 J^uSJI JJjJI J5L- (j-4 4__x3->J! oJJt jj_j5xi_Jl 

juu bombardment jujl_JI l____uJI 4_l__>. j^ 3j_vLlll J_-ljJL1 J>L- c__jSu L^-l 

4_cu-_II 4jJ_jII ^-j-oIj^I ^y- ' Uj jl J^__J1 jyj (j-u-J)) . 0 in <i intl ^-L__J1 (jj-Lj 

jc Jj_~ (j-4 (j_l_— I L$jVj i3jj__.jJI jJL i Jl -LU jj t (jrtfi1j-Jt cjL_>j__j 


^j-oJI ^jl.nlM.nll CiUb» _JI 


^ Sjl-cI mi oll m£j__>JI __}L_iJI ^ J__1 jJl^ __L_$_- _-U_Jj <4 <^ <i Vil,l _P=j Vl 
_-->-- Lat .4_La CjI m tll l_ J_>J _)_La J_____i_l Juu <L__J i4_uLu___l 4__j_a___JI 4JLsj_3 
__J->J * L$J jJu C_li> ^-ill JL_I JjJIj 2LxuJL_Jl CjIj j ~r i tl ^jLt-i- _>£La _M J-_a__l 

(jJ-LLo lake beds c_lj_i_s__JI _jl ju3 ijJaljJI __Jaj . J_.jjfltl -l_lU_«J J^ < ..I jJ_>LL_ 
tVjl :__L1_J q\ jUr t jl_u__ l_JLl__j , jjjJLl __ic 4jjj_i>.| SLl_- _>__ <■ < t J I 4_Jl__o 
_)l l 4 ^ i3jL_j-4 3jj___u I \ 1 ^ *C ^ t __JjJ f A. t W "■ *j 4 « nilj (_jl_l__« L^j_* 

^jjjjiJI 4 1 ii a LluLlu! ij CjLj__i____J <L__5<La _>-^Lal Juu CjIj \tt \\\ _)L*_l_ 
4__u _)! J->o i4jL^_JI ___j .4j L____j t _jLj__>. L-^ljj l__1__j _)I 3L___JJ j>£U-> _5_JI 

cl>j 3j-_l_*_j j nil <jl (jSLcj 3Lj_>JI jl __!! j j iV) _o o Kj^ jLul 3jL_ 

. «j_upJLI rt-UI ______>. jl__ j_lL>JI fj-a *U__c_ 

jl__ ^_L_JI ^ ^jjJLI <j__ c_i__j <_pJI jL___>-Vl ^jJI __J__j 

_)_4 CjI m r < ^ il^t 4JLvjJ * t«.^U ^»"U 1 a \ j ^ Ju Jl_>o (( LujL)) 4JLf_j Cjj n ~~ 

Jl__J» _^1__<J Jj-_u . JjuaJL _JJ j Cjj Ju>J jojL JjJjo 4_jIj V J^L__Jl _>_*_ i£_jJLl 

j_*_j I i 4_JL_JI jj_3____JI _>--! iLL_*_-i 4j_5_jj--a 3j_st___> Jjl __JL i I 'I *— 
. 4_£_j__u __a____Li j_j_ll _j_<j CjI m r < il^t ool^y i ^jl I tjtr . jVjj _jj jla V * * 
_ys 4-L__- i U n A li* o v jJ _____>- 1 4 1 ^ >nj 4_*jj___ 4is-jJI _»Jl_> ^jj—Cj _)| ^jSLcJj 
( h K n _)l ^j-L-cj __-JI 4_L>.jJI ^jj j_. I Ju-j .« j_jj_vl _)-4 l-jIj—jJIj jj__5____JI 
_ys jJ-Cl I ^l ft °i IjJJ—- j-— -'-'l 4_uLt___!l _)__*__JI Lal '.jVjJ ^jj jl <a V * * 

. _£_L« 4_JI jLil La I JL— > i « 2Lj Li_J 4___Lo 4 j U r CjI Mttl i. Ay _)J» . j ) l_JJ_ 

4_4--uJjJLl Sjj-uaJl jjr_.«i-T(J t jojJLl l__1 <"i < v'( i cil ___9 _)-yLJI (___Lcf j___oj LaJL__- 

4___y___aj VI CjI ti^t, I _)l .(___j_CJI ljut> _-J-i _£j Co Jj___vj Jj— pjlt j __a 

jl i jJ____JI jjj ■ — " __JLc. 3j jLoJI (-_-! mK"! < ii VI ^j $y I j iCjl__lj_L_Jl j t4_^LjjLajj _M 
^jSo Jl__ i4_a_lL__JI ^ t\ 7t\\ __lj_>- _)__*__ j I i4__j__x______JI O_>o 4___Lj___JI 

3jjJ-JI j j ^ <i*i j__ _- mij^jJI L_5__ju_ _)1 jl_jII _)_J i^L_JJ dj j-__4 I (j t j > 

jLa^l j_a _^j-__lJI J__L__JI jjjL j__ _JJ_ _>SL ^_ti ._jruj___JI ^jj <i mi*C"i . « U ^Lal 

J I ll oi 1 J L-_l iii^l miI ____ LjJL_ J_l^_JJ (jl L_t_a_J Vt "34 « < iij *U 3j__jjl_»JI 

S3jjL>JL1 l___:|jSJI 


£jjaJI SLp QC 


j__aj iBradbury ciOi^Ln ^Ij t.< " „fs l * *V 
^j_AJl jL-______.V! I juk j_c >jj > ^_Lc jUi.Vl <jx. iP A ) « jj^JLl 

. Jtj ^ U J)^" ' "J La <_-__& LfcJL_wj 4 j,<r>V iatl CjIjLjJI (jL> (j^jJ (^JlII ^j-ijiL-i-M 

l-c-jSJI ^ SL-a-U ^j^UaJI ual ,V,<T-JI ol» * ^ W fL*J! ^ ^jjjjI jj JU 

jUJLl Uj^Sj (jL 4J Lbr o ,« IjJ VJ *l jj c_*l_ j? J^O-uo V^u-wVl 
<jl J-o! _---C nj^li tliA tJI 4jSLjJlII j-j-c \Sj . ' I I <j .' i *o -tl -_a_wj j_-bj :j-*-£Vl 
IjjJL-jw jjSu j? (^___ J^Ljj tjl i " C VI ijrutJ -Jlj"wjj jl <-J_ ^L^aT i JL__w? _»1jj 
j! L_jJ_c [jJj-ll (jr-^ U^-*» ^l] 4-JL-JI Sjil <^j ...jL_-__VL 

(jl . . . j-JjJJ jj-WJ (jl <_ lTTS ^_jJI 4jJJ_cVl L_i_J (_-JJ (_JJ_3 j--. j-JjL5tlU Ljl m^wl 

Jj_-*j trw i ru V Lul (jri* t\\ Jj-oj ...4j___djj j-a jL_-__j1 <JU_j_4 ^JLc £_j-tl 

.«l_U- Jju_j (jf ^j-l^ Wii.it V 1 / i< 1 *i_Uj 4rtKj 

£---fljJI (jjSLil 4jj Mi ltl 4j-TT *i < .iV! jJt J_W j__ (^JJJ jljj jJjlC iCjl flKtl dJLgJ 
(j>JJ-wJ 4 jjSJI JjuoIjjJI 4_jjCj £_>3 (j^ljjj idJL>.jJL jj t ui J-4> J t LJj_v (j-4 

(j__- LLjtj jL_-t__lj 13jujljJI __J,*_e_M -*j_-_ 2jLj ^j * jj__wj__, jj_> Lo 4j&yu* (^JJ 

jl_J-Vl djLA ^J-J-O JJJJJJ .4_J_JLl (^JIj-tJI L-iij ^ 3l_L_>Jl C*-U r..'l J i \ I 

^ljo-wl (3**"**" "" 1 Cr^J * L^jl-i SLpJI (^-JJUs (j£. Lj-cL--_A jj-cC^ £-A i LLj-3 4-___d_lil 

iy> J£ s-u-u-o *(jj-UI L__3Li_C_i-_iV Ljj-^jw ^jhn ^yL- cjy^L_J! __i_Jjt 

.4 gKlt J-ujIjJI (^JjJlL <ritjri|,tl L_ij_ljLj J i4_uL_-.jjJ| 

LiJL^Ja ij_-c L__JLl ^ jla (j_4 jujLtJl ^ 4-_sjL-_jt ^-JLjt (j^* ^_cjJI ^-Lc. j£Jj 

dJUJ-C JLj-w? |-J-2j (j-ls- J-iVl (____! t JJjJL! ^-J! j m i jI I Jl-__wjl JL-_> 4jj-fl -5_=>t_w 

.^jLg.uitl LjLw (jx. jljj-IL LjL_>-L 4Xj jLcjjjVI 4jjL_____JI j a . „tl j^ 

: l $i a (j^? JLwjj V i L^JJu ^^^A^ Ur^l J *'J-^ JL-"jV 4-_-_>jLlII ~^*->Jl Lo 
Jj-ua->Jl J_*-t (j^a l ^jUyt L__3_J C-L-U. JjjCJ 4__i5x_Jl j j U.>JI J i^j-_u-__JI jSJ 

JL-wj) cjLjjjj ^Lu-jj (j-u-J j_-wi l_u£j_C _-_jL____-_--__iV (jj-x_CJI 3L_eL-v_I,l _--Lc 

^J-C. tLo ^4JL_5j-4j a I n*t l Jjj->o ^ ( j K <u (jr^a_-j-_L>. j___u J-o_3 Jj *(uri-»JT 
^jal J_flt J_u->J 1 (jJ jJJI JLwJLlj j-u____U (jrLml < n^w (jjjjSo L__C t4jjJL_sej Lo 

(^JuC |^4jj mi itl] 3j_L__Jl ^jL-cuj tt^h* . . . 4__v jj 1 ^ -wj» i JuJL_w ^JL-C 0 lr 

jljJu-j Fitzgerald jJ! j^jJLl9 l_jjSL__ 4j! jj 4^L_v ^1 u al jLv jJ «^i,*»»"itl 
:4jj.nitl l_jLcjAJ 4jl_iIjJ1 3j__JI j£. jlw? J__ij V? jj . The Great Gatsby 



£jj-vJI 6-iJ.nTmnll _vU_>jJ| 


J->jJLI 4 jllu <j_4 <jl 1 1 n"rf ? t(j£j_>. I (jjjj9 3j_*J (Jj-_tuJ1 (j--J_>Ji ^ L_j j o "n nl jJLa 
_£| (j-JLcj . 1 irnt 4 j t u 4 miII * -^tj^JI 4___L)j ;^_____j_j £Jj-U j nijtl < mX" i nj (jt 

(jW OcjJJ 4_j__JJL J-_Vl <___£.) 4 4 4_*_>J! jJuj t j H^nt l (jJJ-U <J-_- 
4_q_w jJoLie-o ______ _£j_Lju LiS> t 4j_jL_D jJL__4 ' M<j,„ jjjjoJJ _)L__jyi lj-L mK" t < il 

j--jj (jt 1 nir ^4-_>_) 4__wjj /5jj *■ <tl _Ljj>JL j->J l___j-£ c_^jjJj ___• J^oTt 
. 4_J| l_-1 Mi^.nii 3j_£>.1 _X_t___yL u__Cj-vil U (j^^-titi __J_C. 
_-JL_- t4 j olr. 1 4_Lj Jj __] 1 (_-___ t j -_* t , j tSjjL SjJ-u _---ij I 4jL__- 

(jjLu 4_j| -t-l__)ijJi ^j-A 4_J I JL____-ct tl <^1 J-JJ J,.M>1 jU MjJ- mi t t i -J-l Mid K I.M 

(jl» 4_j___u_>J! 4j j -*~t\\ ____ Lajlkj L^I___jj_) ^Llij (jl JL_u __jJ1 l_ nirt\ oL__j_»J>! 

1 liii rt4 j-->-~- (jl U c_H°J • «l___l_W_i_u j_i__jJ! j t4h fhL L-__JL_C_Jlj i4___Jj_4 djJJI 
(j_jj 1 1 n tn Mtit ^ j o *w ^__oe_j t _*l t-f-c.jj t JL_____ljI (jjj <j_4 Jjt~r "ftl (jlu 
jl" Vj I <U 4_l>.jjj 4j__u-__ JLj! jj3 ^JL_j (jt ^j_-<u ^jjjcJJ _)L i « i^l < mi^Ti i »1 

♦ Jj U < 1,1 j J_L*JI 4J j___b L4-4 ^__jJl __ ,lr. L_al MiSij fi(VI 1_v__ _|j____*u 4j1_3_JI (__j_ 

<_-JJ 4jj mi jtl 0^__-jJL ji«__J \ 0 4j| 4 j ^ (J---4J i-JJ_ (j_« («jCjJI ^lr.j 

_yaj t__e Lt ,.< __ > ) 3j Mif. J_i Vl ^-J-- jJ-ij (jy&s i Jj__JLj 4i_L_ 4 n K~< 1 1 ^jLJa t jjjJLI 

4_jj1 i 'n rttl (j_c_^__Ji 4 nK"n 1—4 1 ''-^ c__J I __JJ 4jL-4 ^j_c J___j _jl 1 Jlj>. -c_vjJLI 
3L__l_m __-!__ Jj___v_>JI Wi mi') LjJ jj tJjL__JL 4___5j__- SjJJIj t4_LCjjL^jjj_ , l 

3j-o 1 1 j m( ^jjJLI _-JJ Lil i_o j Lul 4_dj__4 ___) JiLo-jj ^T-Jl <4 <i i nL>JI 4j < nAJl 

cJ_j (jLj JjUt U Lj__i»j <**m i J___JL < <ij V iii j_c_>jJI _)t L<__C i ______ 3jl>>1 j 

4__J_jJLl __-!_-. Jj_____tiJ Jo_3J_U _)( Jj__tXU (j_5__J__o JJjJI _-JJ J mi J tl JL_-ujJ 

jnm ^-1 4 <<ilt 4_ojMJl j i4_jSLuL_4jj_ , 1 4_ul <>i nll ( j____JI J^L>- 4_t_eL__J1 
(j--tj .j%_jj_4_J _gj mi j tl (_i>i mi^**i < <i^U 1 Jl_j_>. 4___Jj_JL- 4j_»J- 

4_)1__> " f H .? (j^l fn , ^t i jjjJI (,-ic. Kennedy ^jl_l__" (jj_>. ^-iCjj-^^l jJI 

(^JJ L_jL_jJl jL__ 5_j LuJ » M_>L__5 (j___t I 4 _____ ^J^JJ 4^1 4___L-_L_!j 4 

JL__j! j_3tj ^L_JL) V! (jl_J 4 1 1 , fl 4 4__t_- ^UJL_J (jL-La^/l ___> 4j! JL__l__ij. «j_^__JI 

Jj t^lJJ^J III 11 jL_KjV! £A " 2 1 1 < l, r JI J^L-L- (J__ tU<1 ^ J-UJ ^cj J-4--JI _yJj J-LU-JI 

4J__o (jjj mi tllj (j__4_>Ji J^Li- j o nt t jr^jj.Mi jtl jh__-_______JL I __>! j r ^-J! _^jl 

(jt L j i "f f I _i____ t Jajl j-J-4 u 7iWt 4 ( j_uL__V L jL-Sl__-1 (^-Jl IjJaj j * 4_j___»Ul 

♦ 0J_-CJ ^_ ■ i utl «^jjBTl l«IJ» _" J-4--I! L-_l Ml^" t 11 1 



3l_o^ JJ^-J JLqJI_--1 (j^L__i Jjl j^uLujI Juu^ 4 \ j- ,'■<>*«.' 1 " 

3j ^ " U cjLVjJ1 (jl CHnton qj Tt < iK ^j^-u jJI j_Lc.I < juj-li 3«o 

CjIjUlJJ J^—^ji (3d>^ U^- j*_J-^ J J trtU I J i rt " i »< 1,1 < Mt"^ " < i i 

<___. pLi-^Ja jljj J^-^o .>> * (j-____- JjjJa j^jJj instrument packages 

<_-_. 4*L« i _ r> j <_£jJI L_3_X-$Jl j? ^-Jl Oj"h1£ Sjljl 4-_JjJ <7h,^1L JL-Sj . -_$_-Llj 

^_oL__y (-jjjj-Jij) £^j-11 (jr^! j-^i J^jl >-> '9^1 Bush (ji>j SjIjI ^LoJI 
t-JI Sjjj^kll ^Uj 4jL-JJ UISLa ^ f Lc- Jj^ (ll-J^ u^j^l _-JI 

(jauJjJl Ltj t4 iii <*n C__3jJ1 (_yjSj . <Uxj (____ jlj o" ntVl 1 fl * a j-^ 4 "^ V 4jwjj 
J-u_---V <UjUV"U -dJjj t j % i » . uj J <____ ^lj-i-adJ ^U^ltwI jlSlc ^-Jl (jjluK 

. 4_jSLuLaj3jVI 4_uLixiJI jjL-uJI ^L^" ( nL jjjji _. al mi^" < <iV 4__uj_t_ 

<LojL(>. 4_jvj JjJoI 4jL£*> (j^ljjj Ch.-tcj _jlj-__J 4j>L__i j mj.IjJI C-iij JL_) ^ 
j^ M>t 4" < ii (j^-ua-3 _£jJI iLucid , lu i njj jjjL___ ^Lua-aJI Julj J-*J 'tr^-L^ 1 ' ^"-W 
i Jlu-u jJ jL>ul JlcLujj . Mir «j-jjg» 4-ul i ^ rtll 4 Mrt ( »J1 JLa (jUj-jjj (j\JL_ j-a 

t jj £______ juljJ ^Lal£> LsLc djj <i" i itI 4_L-j ^jjjj 4_lL>.j 3jl4 ^yLr. jjJ ^J ^ jJl 

ijjjjl ^l j_ju1 4JLv (___! SLl_>JI jl_j__ ^.JLc ^LILjJI j I» Jl jl jL^I»! (^J-c. 

4j_xj-jJll (jMJo)/! J^- &\4tU JJ^J ^JLC jt) (^) 4_LjJI CjL^uUI 4_5UbVL 
(j^o 4j_vjJi L-^jJLL-uJ (jy-JI lJJjJ 4-^j1 iii a 4_j_Loj Cj1j_j__J t4--ul i^<ill Cj^L_>.jJL 

jui-J t o>LvjJi dJLA Jlo (____ j-ul_Ji JL-jl (___! i4i-LMI j - c-Cj . jjjJI ^-Jl cP=j^i 
J-<->u ^jU" m*> L_C i jl Lud Jj i*iL-jJl JLojj-I mj (___i (jl£> jj I _1 L-_L- J__i__ 
1j1 L^j t jL__jj___JJ 4jj -^Ji cjIjLjjJI ^-J/^ 4_a_-5_-11 ajjj^Ji -^LIU lJlJIIo 

jj C-u_2_j t 4 j.^j -*l L--jLjjj_-L-aj j_LI -_-_-" ^-i C-Jjil) 3jJ_>L_*t_-JLJ jj.l t"i ■ .(VI Ll_jjJ 
j_)jJI Lc. < n m< "i ^*) JL_3 ^-jjl 3L_j__>J1 JL-Lil (jjo jLii I jl La 1 <ilU o l-£ij-_--j 
.(jLj*-/l (j-4 C_Jj_--_j ->Lp- JjJ*-a L^jI ^-1 t-JLL- CjL-jjJ 

toLjjjjJLj ^cjjJLI -__>! ,<,"i^" i»V jJ-1 mii (j\j ^lj ___> jl>-j_j *_? t Lo Sjj_j___jj 

!j] (jwa JljV i^ia JjVl (jl cJjJU J_JLi. lJLL-- ^gj m. Jl j>»-jJI ^ 4j___jJIj 
4-jJL" -"U 4_-J^1 l_.>L_3-jJI (j-A OjJljJI l-JI 4->.Lj- lJ1_L-. (jlj i^L-Jl ^ } ,.,m 

^uLa ^l j_-__> l_JL_^_- ^lO-^' ^--L (j^jj *^jj-I1 (jJc 4jj.m_.l11 *L______j>LJ jl_x__^U 

tjuj-ll (_____ Ij^-iLj JLjjJ (^jVL_. ;LJj____. CjL-i-cjj L_jj1_- CjI i r j (j\j Jj-_-JL 
.lJLL_ 3juL_JI l_3jjJ_J1 ^-ic. L-bj.*"J1 ^yii 4_ul!J1 L-j-CjJ L-L-jJ 


_>-3J <^ 3_UJL>. oL_$__»-jj \ \ ^"^ V 1 -_xw__ t 4_JL_Jl 4-j_>.LjJ| { j r a Lal 

Cj\ $ > J __J1 JjL_3J_jJI _ 1 rjlr j_t__J Laujj - L*< << QJ *(j_>j _M ^-hi^ £— ^ 

jJjL- Jj-_>- u ^ Intl ^cJLtJI Jj-oj . (jjSJL cJJ J -L_jj 4_j___j__' Jj->* 3_XjJL_>. j-t-u 

. [ jjjJll ^_La__« (____.] t m.Tsj jL_ ___J1 sLp-JI JL_Lil ^h->-J o' *A*~ C » Tarter 
^ _____> j-j-c. l___j£J1 jj__* j__ j_oVl * j ■ *» i-iILu_ 3Lj_>JI ojl_>.j jL__ 

^1___jV _. j_J_____LJLl 1 jjL-C. 4__>.J_jJ1 1 j-A JL-5CJ JL__J , (( 3_j__>J 1 Jj__*.jJ 

4_ojj__*__~ 4^ inx jjj ^J l_| . ^jjJLl __J1 j A\ JL-_jV 4_i_«l jJI J_J__>JI 

. _4__u___b 4-o_$JLl Jjljll 
4 j^y jlLojJ j _*| 4_oL_i_____11 ^jn , mII 4JJJ ^ 1 1" j_j_____uJ LjjLj 3j__J j-^ ' Lr^-i 

(j_« _p>J Vl J-«-_J 3jJ____> Jjf £_______JI jl JJ J____uJ1 L-4J-1»__. I < mi <*M _* j| JL__4__' 

4jjj OJ * J^*"' 1 "J (j-"L_J ! <j| 4____i___>. jj_ 4jj___ujJI j-_b L- jLL_> I jL_> i^L-b-oJI 

J-ojJ ^L_____JI IjjLjl L_oLl L_JLi_- jl 3j__k__ (J-ujJj *3j-4 Jj)-* J-~L-JL ^ $ j^j_? 
^11. _____ cijLj____>. _____ 4_J _M ,**■<" ,,._*! 3j-_$_>J l_j j__i_c I jlj . _JJ_ 

jL___1 jl_> jJ 1 (j ( ito"y 3jL_VI 4_>.j Ju jj__L__ jLl_- _*l <?_JL__ (jl JL___j_I t^jjJLl 
Ji-I_ j-j__j iL-Uj J£ (j_« ^jLjJI __JLc. t 3jl_Vl__ .udJj Jj__ (jjjJI j-A 0 <i j n 
jf_J tj-__J1 j_-i Lj_l*J j-__*5 4_>.jJu l_< j-at"i < ,m j______ i JL_*JI 4 t j j tnjj . LLo J^ 

j) I J-^Jjt '(jj-JI _-- L1a__j^j (___.jJI j)_A j 1 4__L>-j__a __]! J u_u L_^ JL__ 

L-La I <j A I (j_« jJ-"--' i4-gJjL_u Lw ^L_q_j__ VI (j_« JLJjJll I '*t— ) L-T-T-— .u 1 (jj___i 

. —JJj I < 0 1 1 J _)_CJ 

ftjjt__ cHlj-» J&mJ1$ ^Ut J^-IT 

__---: ^L___jVI j)l Uj" .. . I __Jj 4 n ;t L jL_u_4 J_-JL>i _____ Jj___x_>Jl Jj>f j_4 

t >L_>.l__. ^l >L_>.T jtj>II mt-c o i*^. ' . J'" j- J^jP' Ly-J*- 2 -- ' j-t-A' 
jj*< mi u , 11 (L_JL_Aj _ 1 J-al Lq-_i - -JLlA 4_l_lJI j-j-oJG ^_1_*J ^u_Jij^_>. J_i _jJ jL 
___ j_j1 jJI l^-Cj-JI -il m.<" m ,I (__J__ L_^>L__w (j-o (j jU .., t -j 4 j olr oLJ__a___4 
4jIju (____. 4_>a>L__ dj-A J_ucJ ((--JL-Jl JLj>JI CjLIjj ___ .4.j,n 4 JlJI 4_cj_4^>J,l 
m^^-j__j jj_>.jj (_J___-__j___ ^_jjJL1 jl j-Sjp 1 ? << <aj - J_t___JLj .4_a_____J1 4j1__^j _ j » ,t j 
jl j-^CJ (_^jJl Lfl j-A LiA J1j-t_Jlj , 4_jJLjJI 4 j nlVl (j_4 Lo l!__j ___ j-xJL_<-__4 

Sl_JLL__ (Jj mijTI J_>L__JIj Jj_v jJI I j__b (j_4 4jl9j_Lj 


gj j-oJI _-_- SU> qc 1*1^1 H 


J£ MiJitt 4— Jl 4 " :_! 4jj_>! i^l^Lo (j-«J>^ ^ g '< * J t»i olttl ^^JLJ <j| JL_30 

Lj__jSLj 1 d t iii l_jj__1 ^j-jusj (_-^->. j-i « j (_;! ijtjj^cil terratorming ^^-L-aj^l 

^--.aj^l J< Mi^tlj (j 1 « " J 1 oj*4 (jL___.lj (jLaj * ^JLtA» ^ISLo Jj-^j *(j*^jVl 
_>"ojVl 4__Lc l_uL_> J-<u ji ni JJJ-LI J-* ? ° _)t ^jlrTrnM Lut j-_b JjVl i jjj-oil 
L__S>Li_t J« ->o <j? l_U_ ^j-Ujj *qr^T lSJ-^1 L_5*}L_. Jtj_L__j <jt J_l_ 

^j-jLj 4 ol^ t a <__-_ LjSLa 4uL-_j jIj q" i nl i K <i i » jA_>1 _,_j_jjJII (_Jj_>JI 

_^L_^__U _--->• <- <-> _-_t I 4__SjU Luic iL_U_ J-4-C gjlVii iM _-£Jj .(jjJj-_JI JLL___t 

4-ijU __JJ jjjj^JI _v.u»<i ^li _>>. L_bljO-=--> Jitajj 4j lUrttt ^_JI sublimate 
jjjj__UI jlu-u-T? (j-jLj ^j-4 Sj-ja-T oLj-*f> 4\_>L__-J (jl )> _£-__« J j-aj. _£j>J I l__0--JI 

_-_C J.4 ,«-J i- _£ jJI i4-__j__ijJJ JJJ-A ^L-jL ___3_JjJ,I (_Jj_>J| L__*>L-_U in"l m 

Sj-A JL4J*-xJI (j-4 _£jL-JI (jj-J__JI jLL---i (_yj-J £-^L4J *(J mJI 3jlj->. _)~3-L___4 1 

^Lajji ___< i. ii nujj 4J_L__ _*L_o -iij->.^j -t 4 « nj Lc-4 t4jjU_itl ^ <i 3tl ^lc (j£j->-1 

. <j _M 4jl c JL>JI ___a Lc _-_Lc cjLkjjJI CjIj tM tj L r __j5CJI 3jlj_>. 4_>.jj> 

4_Lj__3jJI oljL-C 4-oLui^J S^Jj-JLI 4 j jtnrttl ^ o n tl 4jIjJ 1 't& <us < < _>_J 

(CFCs) ( r 0 oUjjj-*? jjjJ-ajj^Ktl _-_aj isupergreenhouse gases 4. ^L-__JI 

2jlj-_>- 4__>-jj J^j-j (jt Juj-J V Li_jV *<jiajVl 1 r 4 *« j iii L-bj i **i »*) ^y-JI 

4 M4jJI oljL-C (j^a 4JjLa Sjj-u-oj <jJLjl_5 jJl_Cl 1 ^ << I . 4 j.lf (_--A La-C. LLl-C^ 

4ju__jJI cjIjLc. (j-a Sjj.t i^> oLx_-J (j_Lojj . «^jjjj^JI jLc__-_Ct ^Lj 4jjL*JI 

3jlj-_w 4_>jj j_9jj (jt i^tJj-<JJ ^j_>Jl L-3^Lj-JI 1 j >Jt > JL-C idJLA 4___jL_JI 

(_--_ _jil 1 V" __^1_>. i2>JUjL__. Olj>l_o SjlL L_lL_>.jjJI CjI j mi C j|jL-_XU L-j-_J__1I 
(J^j-i-t L_)_JJJ_>. £-4 ^■LoJLl_'L i_j___-JI L-d-"! JUL) i_£j_>J| L_354_*Jl (j_4 4jl ^ ]\\ 

. <______ CjLcL-JjI _-J_C 

_--_-_ jJ-T _-JJ ^jjjjjSLJI JLu_i_*( (_-rjL"-J Mt -a U?J^ <— S5-C Jjj_>o (j-C I jLo 

jJi^t tjtrt tL _>Ia.jVl 4 i, mij ^jj-LI J «T^t 4-jjL_Jt 3j___>JI (jj» ^Cryy Mi^yL 

^-1 J Vr< t nL 4_i-J__aJi p a 3tl jj.V ij l_L_ll_j __-_j3 .j_j_5_j L^___jL__ (j-4 4_jj_t___> 

l-_>UJI _JI u^Lui:".! 4j3L_>J J^l _>^ (j_CJ i4_iU_JI _yi I um i) 4jLl__> 4_u_^ 
___ ^jri-y i..,<VL l_L__aj ^-J-tl 4-jjI j <i j<tl JajljjJl pU->o jt l_LLc ^3_>J1 
__-0 m" _wl_C_JI 4_jjI_ CjVT _-JJ ^L__>u -i»j .M 4 iL_U_ Jt rt" __S_Jj . 4jj__JI 
4 jt<i r ^_L___i _jt u-_atJ i4»jjL_JI 3^___>JI _)j ri Vi t 4j| _jL_L« ^jj .«l_iI_Lj_JI 


£jj-cJI ^I6jlin1.»nl1 olL> jJI 


u is\ -%T\ V jL_ct ^li v * t ,J J}L_>. (j-« ^jj-^JJ ^y-L^sj^i J ^m i rJ t 
otj-tstJi ^ya j.uum, ! ^i t algaelike plants u-Jl^ktlj ^ j . iAt l oLL-JI 
u^j^ 1 L ~ A " [ :' M S' A 1 l 1 * wb^* b u ^ n 2 r" 1:tl ^H^U^ 1 

J>aJ . (jrise -i «^ Vt £-|jJ-.]j (jjjj__J| JL-u-uSl jL--CLi-uL> u_JLtlaJi j- jrt*i< - 

4_ul_-Jt S^IoiJl (jjSJ ^Jluou JL£. 4_j-J-t-Jt o ntt 4jl jj (jj» ^L-ja 

L$J Jj->*J ^pjl 4-jJL____JI -_j^-mu <AK <u i__Jt 4jL« j-sej (__Jj ^"h Vt i„n 

^jtrH <./* 4uL«jJI c-l£J t qj r ,„<Vl ^J 03±>&\ *J '"<! Cr^ ^&U-JI 

(jjSLj * jj>lt (j-J-c global biosphere J-«L£ ^gj j ikux-4 ^-JLc Jj, irn.^tl 

.«(ji_*jVl (j-JLc 4 1 j*i <jj 4_lx^Lulj ->L-C l ^j tM » 
L-JLA £Jj-«-J ^--t-aj^t JSLii_-JI 4jba.c £X*J>Jl iJjJ V iJL>JI 4.«j jWijj 
(jt LjLu Jjj-i ' i o j-j-i j-«I 4-t i t n*ir t» Owen <j)Jjt (j^Lujj Jj rij*4 . LjjLj-a 

t__ijl_Jt (__js 4l*i ,fl**<U Lu^-n mi « J^- 4 o j j— >-T c r *_-j__C jl o * *t ,i,nt (j! j *i n \ 

dJJjJ . Lul-<» J£l m.J,I <-_Uj Jo Trni, Lut J-A tlj JL3T J . u l_-v-5 t(jK M.tl SjLjj 

oLSLc^i LL^Jjj^^t ^j^^j^l Jj<,VJl^ j_a-?jJ_JI Li-tLc. 

.«4-4-3 (j.**u»H JjL__dt 
Jj njj <cJsjL>JI ->JlA (j-A JL_-ut j-A Lci (^Jj jJoJJI (_-Jj (j^LSLo (j__uj-_* J-ujjj 
Ja SL-jJLc < ^ i y \ J-A 5 LuSLu J-A : *tj->.t 4jjA_j (jjj 4 o tun o 4 j ir> ntj ^jt^jjj » 
< f l mi -JL_-b (j-u-J 4ut jL£Ll_wt i<(SL-__Lcu Jj->h Jtj^-u (^-JJ 4 ii t.tL-jJS S<__JJj Jt .rtiui 

<- >>i j Ja» JIj— lm (^JJ 4 i MiiitLj , 4j1 ,^ ;TI ^ ij_Uj J-»-Ja ^jU* <nr<«i L_jt ^-Ja 
j-jj_>JI (jt <.* , <,j,>- , 3L_*JJ (^lj «rtrtl (^-ic , 1 _7-Aj i^uk-u ^-jb (^-IjLwl-i «Slijlr 

j-A I Ju-bj . «4jjc_u (jt J__uL«a j jjat ^j-_vt (--aS tj-T (j_fl SLpJI j--i_jj Lt£j!^ j>s 

bj-_>j_* (jj<L jL_a 4Jt Crick & Orgel J_u_>.jjlj l-1jj__C ^jJLsl ^jJI c__ijJLt 
4-vjII J^LAII jj-uJi 4_uj_cj-*i jLlct ^-ic. 4_j___»jl MJI oljL-__-_>J! (^-3 Jjl-JL 
: Jlj-u» 4.,t,i,.i<tLi Lot» :M-jLfl m;L_Lo J*l n Laj idirected panspermia 

JjLJLa ^ (jSJ i4j-_AL 4*i rtK" (jV ^dJJj , \ n " r t V LLfl 4 <(S__LJj Jt nu» J-A» 
(-J-Jjt j_u-Jj i jj>it (jr-tj cJ J? 1 J ' " U-l-J' j m i J t o!- 5 ' JL-»JI 4 « jjWtj S I jLo 
(jjjj!-L-_-M uJJjJj i_-Uj (j-« j-u-->Vt , t j < i *i kJ ,I |0— -t '<_ysjVl ^ lr OJA^—^J^' 
^j>LJ ( n ) (j.ajStl ^-JL-j-^yi j-jLJI (j-o j_i_j£ cj-a-j ^jxaU jIjulL^I ^Jc. 

*«f 4w__it I ju-b 4->l <^>l 


^Liiol 3j_-Ja 4-i .13 ^jj-UJ c ___bj'_M J*\ 4jU r ^La t(jr J| 5 . , ',t| t L^j 

. rti in L_J__J (lLU _> CjJl3cj (j! ij-SUIl (j-*j- *( YY ) Cj-cu j___jj J_l>. ajSLa 
4_ju_jJ3 1 nlr *_pl i(Jj-_>J 2j->a ^ j-Aj i4-jJujjtJt ^jub JM_w U j ^ , 

<n j-a__ I <jl jiIjuuLj-uI (_.___, LjT t JLjj>- ^jJol S^JLoLSLj c-j_>j-£ J_j_L_uj -oLcl 

t i ■ > * r"i!l ^___>J 4__L_3ljJ_J_4-0 5jJ <f>J ^0_*J|jL-L>.i (j-jJJi SjL-SJl (j-J-J i(j_J__Ii ____ 

!jja *L£o J_U i>ijSLj <jf p $ "K <i\ _/ i( YV )j___ij jljIjjj-j jLil i t jj j >_L>._n (j£J 

(jL>. Jui__ . 4__u J_o Jj.rt" miU _-Jj j____L_ 1 _j t4-uL_Jl dJucLoJl &JJb _yaj . ^jyl 
_-Jt j j !L) i 4j Uj-a___j _jt 4_j_i_jjJJ 3j-Jr i^tt _>-L<_j 1 <; r I h -r ) *L-$jI 

__ol ^-Ul j____ Vl (j-^A-i 4_i.il j_ __Jt 4__iL___J c^^t W jL-oVI L^-jMJ 4_L___L_r 
. L___j__- ^ UiU__cl ^i ALH 84001^j-j-Ji j-«Jl jl__U 




3Lp_ I <"<t A\ L$j_j__- 4jlSL>Jt jjl 

4 i ,„ ;1L < r < -^, itl ciJJj jryal ■>> 4j tuj-U ____ 

L_j_S_ i(jj-JI _yc tij^Vt (j_Lo_l <___ 3Lj_>JI 
£_.__j ALH 84001 ^>oUI j^JL- ILuaS 

4j nj^ ____ jLujO JL-4J Ljj^j 4j 4 nU"«U _jL_j*_M 
t4_^__ll 5jj mil I j i _L>JI J^jJJ 4 ~- j*m ^JjJI jjJ-J 

^_a_i j-^^ij .3j_l>ji <__!__. j^iiiij 

JUlb-L 4rtU"UI __iL___iLl11j cjL-I mhC_H Ua 
(_-L- Ljl_c,1 i j_j^J,l _-J--. <Lujl_3 3L_l_>. jj-j>j 
__JI (jjuLill L^j j ln ) j _,jJ1 c2>--Ji (jV jj--ill JjJ_>_ 

.(j^S-Li <j oitii __.i i"i^ii<ii Jll~-j i^JL«Ji 


(tJUOi Lb-i» -M*laJt i-SjJI wtt-tlt 

_ya J£ < ■-. < tj jj . 4 q tVf<t 4_^j__i, j__ ^JjJl _)l 

Ijjj <d tj^_jJ\ — _JI noun ^__._1j adjective c__j_i!l 

_ ^JLJJ tLJ_Jl 4jjj 4jn jiC ____ u_jj__t! ___ U^js 

t c L_wl 1 1 1 ^-lTl~ 4_i£j5>.,miIL- * ^LaI*-» (jjjSl_j 1 .aj <r 

.^Kmi m _jl tljL-Jtl IjLA JjJcu j__-T (j__J_-__ _£lj 

_d__JI (jj^L (jl L_Uj__ jJL_U JL_J . 4j JL_J 1 <1 j*q 

j^SCjj 4jI jJ-jj _^ jJij i^citJI jj J->- ___> >L_oLj_-i 

<nU j (3jL__>J1 _h* 3j ii ^ 4— _.j <i s {ja j^jU^lu- 


-I — i — Ja_3J ____ t_ ^j-ow 

.«?_ 



^jjaJI _JLe 5Li_> qc uaJI 


juc *J_j - jljjuc. (____>. _ ^-lllj t-d-d _jj_ _>* 1 <<i k« L$j _>*jj lormulae 

__Lj_-o- 4_j__jjG dj___ J}L_- (j-_J fdl_C J£ jLfl tJL-w _;t ^--CJ . ^_JI jjj_=- 
(jjjJt »1 1 .i *J1j JLwjJI __u__>j (3j^__ 4^j_LiJ1 2uA_si 4J £_J_>jj L$- 4jL$j V 
. ^4_U 3joJ_^. _-Jj Vj__9j 4j_Lj1__JI 4j_jnjl11 ___ 1j_____* 
t Loj_5 4__j__U 4 2_bju ^LJLaJI 4-l_^vm.1 organization ^uJ_JjJ1 0 

4jjL*jJ Jj__ Jij Jjt _)L_ t JuJL-w __*-_- £_-_ (j__ ^LaJjJI JL_~t jJJLJ LoJLl fc _3 
_____ ^a-gJ -* _J_1 ju _)j_4j__u (<__>j . 4_i _)^_J____j ^g_fl : 4_jLi__ \ c,]ri*tA _)j_u ^LaUJI 
<____1 _jLj tL$Jj« _j<i VJI (JTjl>- ^ylll __LL-_>J1j 4\jj_at_JI j-~ JSJ 5 ~r jYt i^L ^JLc 

JjjJ-> (jxj jJU ^JajM ^J_j jl__>j .4jI_^_JI ____ L&jU ^ r< 1 "n 3__jjl_>J1 jLS___1 

I ju_ jUi-Jj . j___Vl l_Jj (j--3jj Jj idJUJL_*J1 jL___Vl jL-UjI _____ _>_uJ 5l__l_U 

3jJ_jU£-J ^_^->J-\ iji 4_l_4_.t _y___LJ __xllj t (j__ -_____, I _>A 4_J_4j_£ 4 L.nl . «I ISutt 
4_t_*i_JI 4__j__t1 JL_*-~ ___ _)J_-yj <T< 1 1 (■ lj_J_>JI ^L-b Lu- 4_t_4__b) J__> V!j . 4 AJJJ_-U 

o I r ~J>Lu ^j, V **t"n L^jJI 1jL___j ___JI 4___JI ljji____ (jjjJI <Jj utnII _J I 4 . (\\ 

_>jjJ1 ^LoLJI (jjo f_Aj j r 4_i.<i a _*! ___) _JJ_ __Ijj .^L*J_i _.! mJI jL__>-I cjjL_3.l 

l^"t<| i <i (Jh i ri^-"J rt>i,^ "W _JjL____ jjJ _U_> _>J jJlj t__iaJ-It _)1jLlIt (__j_ _)jt.ft t > 

4_>-j J __L_ ___bj tL-Uju ^Ll-JJ 3j_Lc-4 4__jjJ_> lJLu_j . 4_j_JljJI ^4-uLL.j __ll_JLj 
___ JTlcTij td_j__uiJ 3 JljJl>- 4_s_j1_ __Lc pjJLI Jjju___ (jjo Jjuailt jt mrtt 3jj_>J1 

.(jjjj-^l ^UJjJI jl>-V 4jJj_>. j 3jujl>- 4jjJ_j ^ ^jLa U__- _iiL___?l 

2_4 _y_>jL__J JU-Tt-JL 4j| tt_A ^Jj ,*\jrt nt 4___5 4_3JjJ_ _-Jj J Jl_u JL_ 

4_j__ jjJojJt-u ^L_JjJI (jSJ .4-j___-____Jt ojA_4___!l (___) I .i j -y. L_jJ-_u djuu Lo 

.^_oJI SjLjJ 4_J-_l_9 (JjjJcJI j_x_it 4jjJl-cj ^j V 4(^-_->L__VI ^_->lj > ^ 4jj__ajj 

i * ^ _j? 4J5_-jj V Ld_jL_A _>__ jlj_>J1 _jL_ t^i-JI |_JLc ^_L>J 4-^jS___Jt _)Vj 
Lo 4jjJ_j __!__-) ^LJuJI j__i ^La jL_ .(jA_x______U ^LoJjJI oLj_. ^Lo! j^jjL 

4_*_U_-__u Ljjjl jt * Jj-jJt _-_ 4___jjj _jL__Cj __-l_>jj L4J _* jt *3ju_>. J JL-u l_4_ _* 

dj-A (j-4 4__U___*iJ _^J-_*J _-J_jjri (-. ( ., . . r _La Mj 1 _)L_* t4_J-_5_jJ1 jjjt Jtj-^t (j-4 JojJI 

fu_j _-!__ j . U-_>. (__Lc jLS ^JLjJ! 1 ju_ _)L ^LgJJI ^l"n .nV1 4_jt nj ... 4jjJ__JI 
^j 4jL_aj J-J--JJ _-ll1 4_j-__jJI _jt (<-Cj __Lc j tdj_4»L (jj-u Jl3 ^L___-._ t 1 j_uu _)t 
3___L o __Lc I (ji-B tL^juJbtj 4__4___ 4_j__-u (___} ij i imj V Julj L_-c_) L-jtn-- mj 
. 4 . ii n\ C___jJ1 (___) 4_fc-t____>j Sjjjjo L^jI C. m ___J1 __jLjJ__J1 L_il_J (j___— _J 



SLcdJ u^Lu/lS (aJjdl 


4_}Loj ^Lo-LaI <_-_-_ JjJAstU jj^LnJL ^JL_- J£ f>Sj i^^JUJI <jl jlJLI ^ 

3jj jLLjji <jjoj tUjLtj! j| 4_jL_jl jjLjjJ j1^ m i 1ih VI J!>L- <j_o L^j>Uj j\ 
4 in fi\ ____ J>2j ^jLlUI ^ * ^JL__ J-L- . ^jjJ 4 «hiU 4-x£ j^ n i l l Jju- 

d j__b Lt</i s 

jl- 14 * j itnt l ^j r^j 2jl>JL>JI 4jjk*t1 Jj-J-3 j' lP^L? £^"_ (jr-^ 

(^Cj (jyLc) <L-_j_3t__o 4jjJaj l^j? r LiU^ 1 jj l*v JjlUj mi 4 iCjljl y -^ yi _-)j_L>.1 
jLrjJlj l"A *al .*:.lCV| Jjl^j J_^ " ^-U -rj...-r «^"11 4_jL_ Laj-. Jh"i m. Lgjj 

c_L_Jl ^ ^3Lp. jj >^nj f UjUJI <jt ^yjju V Ijl^ iJL>JI 4 *j > Vy j -(^^ 

tj j L 1 i(J-LJj (j_o (j___-_JI <_-J-£-J .4jj!j— jj j! 4-j j, .. * 4 i nj ^^--L- J£j 

^gjl 4 i^jiiv ^o-^Lal-Lo (j-jLjJ « J____£> 4 0 fltlj 3ju_-_»Jl »1 j miMJ p mi"m 
^jLxu} J„<* «j j| t <L_llit_<i 4-gjj U > c-JJj (jjUnj ^-gJ- t Lo ^^m^ UJ-L^J. I a Juf 

**L-_L_>JI ^^j^y mi t2j-__.LJLl oljL___»-Vl J5L_v ^yo k i j_Jju jj_ ^*-$-j_> ____-. 

. (S ji-bS/! j-«Vl jAj) ^-gjjLoj _Jj_L_uj 

<jl 0 m *4 Jjl mi "jj jj . miII (_-jL) j h tl SjL-U-4 Sjj) <ru jJJ j (j__ j j r JlJ_j 

ancient <^Ijl__ *L_-_J_ jljj jL *_JjL_JI olj j^L-Jl ^^j LojlIc Feynman 
^jJI J-o-jJI 4 ni a ^joo ^J_ju 4->t (jl-it LojLi-. t(j-ojVl Ijjlj jl__ astronauts 

t L____JI jIjj (j\ (j-jju (jl 0 <j* (j-L ♦ Lo t^jjui 4_5t___> CjLjV 4J lu 4_L_C (j-ULJJ 
1j— cjl (jjjJl (j\ (_^J-JU 4JSUj i(j_3jVl 2jLj ^cJbjj! v *i <i j (j_L f L— «dL___JI 
(<^aj ^oJ ijjj iljll .(j-ol-JI jLi_j_3-VI 4 jU r ^ 4_£ji. «nU ^ LoLu 1 j \ mi ^ 

(*_Lw <ul ^.Jl LL! j 1 , i ni j--wjj S 4___u-aJb ^JLI jlj__Tl_JI I jla (^j-_5___u (jL^JLj-a 

4jjJ C-J-_t «jl <^>**i'*wLj t3 J-uLo jjL-j (^-Jl tjJ-ijJ j)J <^<*»- Jl 1 JL-b Jj-o (jLj ^jj__>^j 
4-__c_9j 4-oojIj Ju )(jJj)5LLiT ^L_blj_)l ^--B LJlLoj . L^j ^J-*LJ 4 j o i^t j-J-*1 ^l j mi! 

t ^a_Lj-^Vl 4ai_-Vl c_jj-_>JI J>U. ( T )j-J-_l_4 (jj-A-ij fl J -w Jj_>-JJ L-£i1j-___-Jv-J 
j-u_j f LoJjJI j-4-oe_vo ^jL>. j_$1oj ^-jJI jL___VLj ^L__L-b*MJ ^LoJjJI jl,V - ,"m »1 ^JlC 

_t_Jc ojj- 1 ^ -^L-Ijt * JL--U J j j >i > (^-L- - <i>L_vjJ1 -dlJjI <jj-ju oj- 1 ^ 

(j-a-ljJI IjLA JjUjj .LbL_3tjVl (j-o JujJll ^lj-^i (jJ] J f J*J «^--itJjJLl 4__>.jJ|» 
4 i M -- J Ls JJL_- (^JJ j-9ljJl (____ c_jj| ^-jJlj t^JutJJ 4 ^kUl 4_j__Tj_L_JI (j-o Uj__*- 
VI (j jl.n-r .j V "L-u-uojll uJJj (^JJ (jj 0.,1-^'j V j>jjJL_- ,( V ) «*L^L_L_JI 4,ii ,ojJI» 
V^J^ Oj^J-^J^ (j^jJl .LoJjJI (j-x jJL>-VI jl ^U_____VI j-c JJjaJI __J__ 



i j-*! Ijla jJL>.VI jjuj jl___ <1_$jL 4 l«1_JI ^j_L_J1 J_Loj .4_l-o___I1 ^Li^ 


£_-! <U£J '.___! <Gj£ ^j ^-i^j .4_Jol jlj^jjJJ LL_-_-oj .elitist L^tjj 

<jrul^9 ^ubi 1 jl ^1*JI </ L^i h i^iLljJlj^jjJI j j r 4_4J_lj-o ^L__>yi_> 
l-jIjj ^-Ll ^jU m __!!! j-~-iVl jjJLi-saJ-i j-j-lU LiLIj jjfcj <4_jj itt >i r VI 
it-jjej Lcjj3 1 7n i j LLo jA£ <j1 s-l <aU 11 j-c J____3l l_ Sjju j-4 lJI_L-* j-ujJ . ^ r 

^cJjJI <3 j ^cJ LL_- . cj! \ rt"n,ll djiA jwo j__«ljJ1 3 ^ " ( j o' irt ^ Cy* u 11 

-L_-_cVl 4 <jW\\ ^jJ jJ_4jJ_j *_* 4_jvjj (__J1 (JjUI jJaljJi ^-$__ dl_tL-Lo 4j «..jLoyO 
Lo -oL-C ^-jJI 4 In ,V> _M l_11j ___} ^JLo _-wokt 11 4_j_jJL_Ji JojJt-u j_L_ i(jj_>. Vi 
Jjt-at 7(1 ^jVjL_3c->o J£ j_o __JL>.j . (jjSLtl £__>o 4-JL>1jlJ1 ^o-_bj---,l ni a |^Jl_?___u 
JJ4-» __JI Lo-o t L-j tr>- ^ L cl-Jt t-Jj-*l J-2-3 t4 rt y M ^o^l_C_vtj ^c--) j_£ L__-o 

jl_3 l ^KI * J-oL-JL 1 4 <>>>o ^jSLcj V 4jj__-uJ| jLi Jj-oj ^.jJl Su^JjtJI 3___.L_J1 

JjL-U i4 atS I U 4_j__j5v Mlll V I «I J-OJ . 1 ^jj, 9 'J^lj 3_j3j £_<q ^bL^lll ___S l_i j^j 

j!) 4_-Jl_)c-4 4_cj-<j_^cj Lq 1*11 prejudices lo! j_po ^ 4LoL_" 4_c j^u~__<» ^JjJI 

Jj-->- jjI J-JI JjL-a-U ^LLL L-_j . j-JwI <j^i V mJ l_jIj_j__>o j-c (J4_UU Lo I JLA 
.^-pe_-__JI ^jl-Ji (^-JJ LjL-_ijJ (jV 4 jnjrt"»* 4__oj_3 j_sl^JI 

JjjJ ^j^LilJLj e,\ j»j-3j (jl < % 1 1 UTi ^.U 11 4 0 i U 4__j__ijSL_-_J1 (jl j-_o-V 

3jl_5 ^__3 4 j 1 ii^Lt-Ji CjI MU*l1 j-4 Ju J-tJI aUJI i v it jll (jl V jj . ^j^Loj ^ LoTlA 1 
J-u__-)Vlj) 3jjj_-i j I 3j-iJ-i 4 > (ii) ^L-oj \Sy* 4jL_-1_Lo ->Ti Vj *3jj Ju5t_« 4_tLoj 

j_ij__> V t JL_>Jli Ijla ^j .*j-U jj-^. ^-ic ^j4-UVL ^>L«jJI <>a (Ll-o (jL£VI 

Ijrtrti- jJ jJI ^ L olt-1 1 JLs-f (___»j-i_wl JL9J . Cj1jl_>o^U ^jl^T J-*-_u (jA jj-T! ^LeJJI 
LajJt-^ t^ljj*!^ j 2ol ^ 4^1 1 \ > J ^ J-_oL>- ^Ll-? 4_1jj->ij (j-_ IjJkL L-L_*o 

-JL*J jLal Oj UJ.) ^J^-J ijy^- it_-t-_j>3 j-4l 4J Lj i JL>.J 1 Jfl lf 1j-4JJjO J 

(jjj_-__>L_>J1 (j-o ! Jl_>. 1 (jl ^cj__>1jJ1 (j-4 jL_C i 1 JjJl_>o 4 i a (1 \ 4 Mi^L-ji ^J-L-> J-4 
3j_i- L_i]j jjSLILj VL IjL^C ( j . 1 n ^JL-- <".irU4 i4_-a_*JJI lJIj ^)) : Jl_£j . <>1jJL 
( L )^jLl1J 4 j 1 U jJ I 4_wuJ_-^Vi JJtJ-LC. jJbj i J>jJ1 I JlA (j! l_ot_C. (Jju-Jj .(((Jj->-! 
j_j__ (jj*C j i 11 (^ jJlj 4^L-JL->V1 (j-o j-f_iiC jJ-oj (^t^T- JL-3 i4__ j-4j_a 4 (__-_ij _ 

Lo „ ^oJL-JI ^-JJ 4_jl^uJJL jl _ ^LJjJI 4_j__u ^.Jl 4j..i ;tL ji 4_JJ 4 j i,i jlL 4<i j4 

.4jjLoj l-Jj-LL, (j-4 Lo JLS 4JL_ Lo (jSu ^oJ 


5l__a_LI ugLuulS (oIaJI 


i^LlI! <■ A r.l 3j_I__j _>_, 4__j_s_Lc- 3jj___u L-_J_Li_J ^ L_JJ t \ < i l>l l 4jjj (j^j 

< . i j < fi ~^j--- (jjJ^L^tJ \ <a, t <f 5 j x\ j f j>j 3 7- 1 jj L- 3jL__ »L <Jtll (jL_ 

(jjJjLtj I aj ir - j-j-I (3^1 j-- j^jTu Lo jjtj — j| i La 5LjjJ__j 4_ >- . _ 3 <____ ^-J-Ol 3"<r I 
fjLi _jj or _-j£J l^ -- "' Lu _j . j_<a_>J1 4jJL ' 1« 1 jj k « 1 1 4_se_i__i ^ JlC i_m < o j J <" 31 
^-Jl (j^jjj L-c-4 t 1 Jul j mi jll t a ^jj 3 t j 3 _ (j- 4 ohit,l 4-jiJ^ j SL m i T I 

4_L__ j-jl-c ^ jJl ->L>_-VI l_UjJ ^u-.l ^r.lj t j_jLi ^j-^-j L__J~ ^ ^^_cjJ_j 
:}L_l___ ojJIj _>_. -_jj__>_i I a.\ 'tc iLander jJ-V _Jjj l__JjJI 3jl_j__> 3j j 

.«C___VJ__I i}L_L_^~_l ^-J j-t^jl» 
^JLc _j__U .-»jj-j-_- JjjI dIjI L*_* ^JjJI Cft <_>j t4__jL_Jl 4____5_ill ^-J- 
4 J Lt J oI_-Lsj! jLi__>.1j t4 m t a t_jljj___u m"m ^L ^Itl l _>-vjlj ^J-^J tj__ljJI 

JUjJ.1 _j3*sr" i .1 jl t J^jJI _>-uJJj _-___j_L_u L$j_ jl SjLO- J Julj L$jl Jj->d I g ijtt 

4__*.j_' _jrt__bj-___-i _jjl____i ^4_) *j—*^Lj Jj-*-> 0 frLg.lt 11 (jj-> _-J1 Ij___jj . JLU _ya 

4 j ol r <&___>. I ___ _jj__l__j Lo Ij_j_!__j +4jj Mi. ttl ^L_>JL 4___3__>Jt l__-___J1 
_j_jU__<a-_ .__-cjjlJI _-_>L>J1 jlJL__ 3L__lj-i- ___ JA_-JI j-4-U--U t4 J <r^ ~» < (lj 

(jl _jijJ (4hi^,U 3jj ts\ i 3_L> (jjSo J__ L__>J1 ___ j->T ^JLl ^jiij ^t_u-_>jJ 
(jya 4jM_«j c_jL*--_I i ,Ufi~t i«i La 1j j^ L_-_J*} Jj) ^JLJI 1 JlA ^ljjjl ^-Jl 
JJJL>JI ___LitIu ^LijjlJI JL>.I c_J J-L-o J) 4 j V ui ____c oLojse-^JI Lg mj t(^Lj__Jl 

jj_JU -Ll ni lll (j-O Jj^l ^jJJLki .<Lj-_4j_J1 L_3Ll>. _-Ja L-______*-^L_ _-_J1 1 ^ ... n'i 

_-JI i 4JoL-u_aJ i__jL-J1 < nj ioj L<i mj tjj-CJI 4 n j l_-1 ^JLaJI l__VjL--j- 

.4j.-a.VuJ1 L-jjj_T ^y» ^LcLs-^l ^l 
<ji j <>1 ttl j_j-_ _j^-LcujL_i*S/l _>---*J -JL--. _j Lj Lj_?Jlj « cl__j__l> >) 4 <i K jj^io _j} 
4_jI 3j K 1j__>. jj JL9 t^__-bj^Laj I \ oLjJaj jjjJ-J _-J1 w mi rtiLj _jjt t.nj 
tL_u l_Lo J_i j»J-Sj t-J- J _>£• Lu_>j_- 4_j|j t4 tj <Utl 4 3jn __J1 Jjj__>jJ1 _>SwCjj V 
j__j1 _jJ *4_o_j__>- «Jl» L^jI ^-JLc ^_>JL 1 L^j l-_jj___u _-_Jlj t4_j 4__oLi- (( 4__Ll__- » 

_.__ 4___.jLJLI JM-_- _ya t L-^l mi.*(<1 I < o-> 4 jlt '°> 43 j 3--. L4J 4 tj iUW _jl 3j-__e 

__J1 1 3j V < 11 1j--af A olt II ^eJ___JL ^JolJ t_^jJ_-jJl l_JL->J1 _-Ja ^-J-LJIj L^JLo 

CjL^L__J J_>1 J L-JL->- _-j3 L-^J J t !>>J t4 "l mi ^ LLo ^yA ^j-Lc- V 4_>-JJ 

o_jjJ___J1 J£> 1jjl_J__-u1 jJ_ ^LJjlJI _jl t4_4L__ 3jj-l__j t_-_Ju ^.JJIj) « ^ 1 1 J 1 4jL^j» 

_^j_L_J t LLl_" 4 3 j 3 >JI 4_jjJ__J 3j jU^tl L-J j-j-t J 1 _jrL> _y3J . ^ j \ i ~ >■ ^Lt 4_L)L__JI 


^ j-a jt o jLuJL^i ^JLc Lujj3 ^ jlc ju>u 'reality-as-human-construct 

,£j--- 2j-u£ 3 JIcj V <j--l jj-C.^I tjl_3tJL>Jt 4jluJo4j *4jjJ-uJI ^JlA 

. JljL>Jt tJu* ^ (jjju3fclA JLoj jJd (jjjJlj ifrUtt.H ^jj 

ioUUu-M jj^i ^UIt Jt <ALH 84001 ^j-j-JI >->-*Ji 

i-JJLoJlj iLu3ljJL>Jt - 4__ui*_jjJJ mtl Jj-bt-ii 4 J.aU fJjJI £j>J- J£& 

(ajLk^I ^J^.) L->» jJ jujjjJLJ Ij t(^-uij-j>Jt ^Jlc) Lcw jj j^ujjSLjI i j x5>,ttj 
^k:j i*Ljj-j--_!lj imolecular biology ^LAj^JI t, r>jJj. Jlj <paleontology 

1. uidsj a JloJ Laj . I ^*i t <i A>j jl.jl "vtj oLLa-Jt (jrj^ti ->I.m» . jljJlt 

Sj^p-a L$jj-> ^Cj ^-JLc t4jbjjj*_A (j! jA (jitJjJLt (^juJJl j^e->JI ^uoj uvVj 

JAI^ ^J 4jf oiUla ^jJi ^^LJ-M ^jjjUL <tj--J Juaj* JIjj V L$M VI ^LJJ 

^JjlU tjja 4 (jj£ij fj\ 4j5Lcj f-^jfjui uJLiA (juioJj . I ^ nal i<«iaj 1^*1« jjtn ^^ic Juu 
Jj_uou*JJ *LcJjJI (j-u^Ui £*j tSLJLJI 4-J-_JI t-j|jJu_JI JM->.j .__JJj <j^ j__L_»f 

jL*_^l jj-IjJI j *ALH 84001 <>j-uJt >^>Jt iy> 4u ^JI oLuuJI ^ 

t^JjJJ (jC SjuJLw oLaji-.a ^Lu-u-Jl ^d.ui LJ ( ; ily*i.ii» i3 Ju J_>. ^uVjj>o 4_j_£j_u 
<j? (^jjjJt jjt>Jt ^ 2lj__>JLt 4Jj}U (jSUj L» (^Jj Jj-ojjJI ^j-a 1 J <^ »j JLS La^ 

JU-H Lj4>- tjJ JUJ (jf <J-*i-Jl (_____, jrU-JL^-~-£i iutUj C-JL»_J ^J tjjj .4J LjU-S*J 

Jjj-L ^LjjI jM->- i 1 ,g *i t o frt (_£ JLa jt..j" Vt j ^JjVl (j-« JUjJLt (jrLcLaJ 

.SjLUj* 3jja-aJ ^JLmj? (^jjl 4 ) L I 4-iSj.^ uiJI 
^>.j" »tt\ LaJux. L>- oj_ua->Jl <L>j ^^L. 4_^-uoij ^ *<U tf.l uJI SjJa ^j-uaj 
Cr^ J^* L?^b LSJi-^ ^LaJuMJ uo>-L-aJI ( , >totJI JjU SjjkLlo LjLjj_> j 

^^SUj t^jJtj t^UsttJjII Sj.?r,« * tl ^ 3ljj->JLl 4jjSfl u .»5lc, ^j . ^A^ ^LJt 
Jjjw (jjjjl, -*~n LoJtr tP->- * Luj-^u I ^ " t. ^s (j^J I j rt rt "ij (jf tjjS^ iVu<JJ 
OjLJl tiJJjJl ^LaJU 1 .!! ilijJL>. CuJb 4jf (jjJI JjJjJI (jp 8 'L$J^Lua--a 

jjj .4j-stj-o CjLj^ ^jjj-^T *La_jJ 4-tauLJI i_jVjl>JLI ^Luf jJt-u Lo ^jLcj-i-o 

djLA Jju> u 4 Ji Jjioo I ^t^? A ^JjlJI (jSk^ ^J 
(jLS U-4 iSjUJLC CjIjIuJ 4-u_--Li JjLaJI ^jjJJI ^LdJuMJ 4 i -wL ur>.U 3jIjVI 

(jSUj (jii? -cjjj^- 1 4xa*ji sL>jt 



SUaiJ i_j$JL»'lS|«JjtJI 


C. i._-il (j£J . Lr..j-f..«_o (jl£ 4_t y _ LjuIj Ij^t (jjSo (jt J>jLJI (jfjj-JI ^LflJU>U 
VL>. Jj-____t U i o-w (j-r <«, l_JJjJ -rTi (jt (j£-*J fJL*JI (____ L_i_-L_y--M ^j 

.aJJb -iji-Jl (j£jj-JI £_>4_lV_M 4jjl_u Ct i>>>0 L$j _--JI <Cj__-JI Jj__-_u 
4__ojJ_> L_t j_JL-3j ^oJL-JI q] ______ ^Lj L\j__,J tjlj-^J-W LGj-U ___*--« (*^J cr^9 

<jl <Urt q (j-j-J <4 o jkr jLjI j__J 0*' *J « 4jjj (_--tJ *^JL_JI ^-Jl jhi IT 4__-oL>. 

l_____ <JL>. ^t ^ylcj .^«JLJI ^ llui, uj-^* ^ _>^-JI -^Jjt lt 1 ! Jj ^j-tj-j 

* JDJ" J-* * J-*^ L1_l_- _______ (jf (jjj (jwa (_-___; Jj--___>JI ^jtrt" mM V 

4j jjl-__ Lj__. t. rtt*Vj l___j_4 jjbj *4_i£j-C, mJI ^-ic J Lo T i tj ^J-JI <jl j l >V Lj 
^JL-wl VI (j_uJ ^JjJI (jl 4 rtj r7-*t LujJj J_o_u (jl tjut i- iJJ V tt 'm i. rt'i t J-^lj- 
^cJL-JI «j_____>» 4j_|j__>. _j_*_a 4_>t (jjt iLa 4 i^>^ -Jj— -- L^j (jSLoj _---JI JjjJoJI 

Lu L^jt^\S (jL-___u_4 4__tj_>Jlj 4______J! (jV J_v2_a ^J-JI c__1i_-jj . Ll> ___u_>_U 

(jjjJI L_l_Jjt ^-JJ 4 i m.;IL Lot iphysical reality ^jLU j^I^JLj L«j-_i__ ^ o « .u 

(__]_ A ) a l-ujjj ot j L$-t (__!_>- jt t<tL___> j-J-c. 4___j__L_>Jt e*JL_> (jt (jjJL_*j 

cLuSLI J 1 ir\ A ^J-S^A (j_4 J--*t {4-.-JJ 4 j I <utL Jj-4J (jt ^JjJJ (j£-4J ^L__ i4-L_V-bVM 

l-__L_»JI jpu _Oj-_vj_U 3>j -r <r 1L cl— ci t Jt (j_* j^___s: >j>A? .Sj^-L-Jl 3jL__JI 
l- L > JI (jrLJj tL $jUI ^Jl—UJ j-^^t e-JI ci-^jj cr-^b '^-J ^t< n. "U 
4JjL_*_^ ^^jj (jt (j-Ccj U_*_)j ^j_>.Vl tL-iS/L ^j (^jJI .ethereal ^Lj-jjJI 

LoL^jI f lj Vl j__i I» (jj 3j_a Cj! j (jjl___u_jt Cjj-Jt JL_ ,jrtjjL>Jt (jJJ-A -Lp-J-J 
(____ (j-ajjcuLtl (j^a jJL9 ciJl i A JI^J ^ ^j-^J .«4-4-^3 ^j^-aJ 4jt j-A ^JL-Jt (j_a>j m> t 

.«comprehensible 4^-i (j5Uj» t2LcJ_LJt ejJt 

(^j-j_JI j__t_»JL 4 rtUltl jLi_Vt (jc 3j-u-U Jjl_JI JjJj (j_« j-Ju-JI cjrLJ (j-*i 

^4-_uljJo __e!>L_i__wt (^ic theologians j^hjj-^LJI Jj__3 jjjj l_-_L_T t ALH 84001 

C_j__> jJ >- _ j-JjJJ jJ____« (^ic 3Lj__v. _J_>-J 4-Jl ft"t^La i jjjS/! (^___ 4_ujjJt 
^j-i-. I 5j_ja j_j__u _ 4___-j_Jt (jw- (jj-Jj (j_« Lj_>. LfcjJ__9 jjl y~y V 4.4J J ^ Sl j >■ 

(jjjJI ciLL-JI ^Ulc (jf 

-L > UJ .(jj-Jt (___ 4jj ut jtt L-dJLAj JJ3J-AJ (jitTlt Jlj-uJI 

Ci.n jt j t (j.. 4 uJ I (jt (C^Lol J^Liw (j_a * tjj-wiJ _4__ij-__ (j_i _>°jVt l^jJjJt 

dJLA i tjj-gca L-Uj (jjJjLs-j (jVl JJLlj ^1114 Mitt j_Ll___Jt _---> ^(J^J^^ 



cjL^LsJI jL_ itiU^ ^ jl_TcJJj .^_>J 4-oL_JI SUaJI JMiw ^ S^JJ 

L-_»L_i___i1 Ja-L l ^Ti-a tj U jlt **Q__V 3jj-u_u Jtj_i__J1 IjLA ~-j tVt Lc tjjL 4-j_g_>J,t 
4__ujJLcj JX,1 <*n a _*L_-__? j-Aj iCobb *--JJ-£ UJ^ ^J"- 3 -L^J 'Cr^J? ^ ti^j ->J->J 
lj>1 r^L-u^LJI ^.Lujj 4-ujA}Ut 4_£L-_JLI l_11j « Lujjrt jtLS' 4jVjj Cjjjfc}U C-jj_cj_J£ 
CjjJ_j L^jl - £(j_ajVl] (j_3j-___itJ tjj^C-o | Ju Lcjj (_£_-!! t^^y-uJI Luo <■ , < t < <i I jt» q\£ 
2jU>. i_±J_i L-L>Lj l-9j , -jLx_-__JI <L_JL C_L_jl_C i 3 j 4 CjJL>j ^-jJI l-S^J-JI 

.«(5L>JI spatial ^L-Lc jj._ 4-c_ LgJ 4jj_0uJI jt [a jiLs _>--] Ijuju ^jjM 

4 .j ^ .j uitl - 4jJ>j 3 Jl JL-Jl "II (jL_a ij.M. "U ^yJjJ^MJI L^Lt-U ^jA-lo 

^ j-l£? 4-u_>j? V 3Lj->. j>j->j 3j C°i Jj j_e ____ 4-tjt ts> jl>J Judeo-Christian 

ij»j4—<j(jAJ (jjjJLoLI L_jL_L-bJI J-Aj ijTj-nJI j*.*.V. Iniijj -^j-^l 4_j_tu-uj 4_Lj> _£? 

oL_ejL>JLl <j-« Ijljjuc ^uaj o>^Ltl g- £>j?j tuniverses (°)«<j^L-Jt» 4_cJ_> 

4 jn.J^.^tl J 4__J jjJI (J-L-jjLjjJI (jL_J L-Uj__J .0)1 ^14jjl» j <n jlt (jiUj V (j-oJl 
4_tJL 3Lu- CuliC jj ^Lj- -JJ-^-J ^ j^ .<*> <ij ^jJjuo L*-j_S Cj Ltj-t.ua ^ I (j_£>.1j- V 

dJLA J__o ^J^-JJ <J>P*J^ JLujj Jj * jjSJt ^j-c j_>J jl-Co (____ t *:l_?jJlj jjJoltl 

^dCj (j-J^-J ♦ JiCl miU <_>-3-*J _-j_- (jl l lui'j OJJ, ( grtlj ( V )(jj/JLoll ljLjSJI (jSJ . 3L_o»JI 

4 j nr m j Mitt — 4jJj-^jJI 4j1 Tr"i < uVI ^_u-o_oj 1 j <aj i Jaj-uo-uJI (^-B 4JJLIL} LjuiajLst-d 
(jlojVl Jj_>- J^j-4-UI j^y intll LojAj i jru-j-u/L-o? lVP^ ct-^! *^J? MJI Sl j ^tt 
^ 3L_>JI Sjji>.Vl 4-cj4->JI jhilj .j-j^V| jL>JLl j < v,ia.f^j iearth-centered 

^yJJ 4 i i tLj .(jliJI ^L (^ cij-*"' ^JAH^ Or^ OJ^' J^' U?' 

l_9 j_3tj 4-LL-u-u ^j_aj Genesis (jjjSwJI 4 <^>4 (jlJa (2LlaJI ojuk ^ ^j^-ujJb^UI 
^ 4-jj^t jL->>U 4j1 V» . mL£j .^jJ-.Vl ^IjjJI ^ cjjl-w jJd (jjSu (jSUj L, 
(j-jj^jjAjj) 4 n-Ajtj? t L-ojj-3 (^ 4_iSC-Jj_jI£JI 4,(.Mj.f < SLtl ^c--uL cj-ljt-TlU JLe t j_jjll 
^jt» L^L-L_-j (_p3jVl (j? I Ju? j-u jl cjjj_v>U1 ^lc, (j_-j---_j ^cJ» : de la Brosse 

CxjjI jjj t4_jj_uA Jl ^JjLj j-a (Ua 4 J-ol t"j (j-jjuoll l_jL__CJL__ .4-Ltl 4__ii_>. La J£ 
jL_>.i Jj i l j *^Ll->I ^L-Jj yi 4 i m<1IL) L-Uj JlcJ jJ_5 i j-JjII ^--C 3Li_>. Jj->.J 

.« jl3__l? cuj£ Lv» jjjSL» ^cJc-c? 4JJI (j? jjb Jj-Ltl *Ll_>^L>j . 4JJI 3jJl_ j__>Ll_wo 

-j->j Jl c"i "^l (^-Jl ( A )cu l " 1 1 « Jj^-Jl (j-c j-ia_> (j_-i>* Jl5__ i(j_ijjj5lj^ J--4J 

5 A , ,.1 Atl ^-u^JLu J--J (___J1 tMurphy (_-iij_LC ^ < n*)L Lol . 4__ J-J-a (^j->-? ^JI j_- 
JL___ i LJjj A jtL? 4jVjj L-J^L-uL) 4_uJlcj ^-3 jjiMJI jJJj-3 JL^-uc ^ 4.j-r j . .ill 



4 iii A) 4jVl j flhj (jl £>^Uj» : L-^JjJL jj^JLl _j-a 4-ajLSJl jLj-i-}_J CajI >■ "i i ni 
^Lul pkt a (jL_9 < jwoVl AJ^juo^ ^ .« L-^J c^^Llll J_L__JL _p j_>. _M CjL__jiit_-JJ 
jj-_vjj (^Ijljj I <a j_3 4j j * <.^> j. ~< < j 5 jC a p ^ ^ "w. 1 jj JL__ ^cla-- VI JL_*JL1 j_>L_u__-Lj3 

ujj_^ oj-^tr Jj-*y * ^L_u_>i Laj^>.j I jj t _J___>.V c_j$ jJI jtjj-ll 2L_j__*- 
^f ,*ii"<VI Ijl^J (jj<L (jJ <f>-J1 uruj^A^UI 4_____JL__ ^l 4.i. uilllj)) :Cobb 
4-_ujj_J1 ulj n~ ttl ^JI j j ^i j cj^ oj-^ (jf (____ J^lU) .<(_3>U_V1 (^JLc >jjLj 
Ijla _)£J» :MjL5 <__>j_£ j)j.U"i ,,oj .((jj£ll u Ktl ^ * a ' 401 (jJI <j-*^j qj_ujjfc>U 

4 *l»*tj La [ jl _jrt>. iijuLUI 4_ujjJI ol JL_L_-*JL1 j-C L-Lxy < rtl" V o j_al 

. «(jjJj j J*v *n ^jkjjSlaj 4 jnj*? (^yjs jjJj ^JjJI ^y 3 (j-"LJI 
Jj->- ^yS j ^ " 1 , 1 jLJLl__V1 s ^U;^ tj-Aj t4_uLlII 4_L_JI __J1 I jla Ljj__jj 

aJ_* __JJ u o " r j (j-i»jVl ____ Jj-__ J£ (jLfl t La (___-JL_>. ^gj " i n ~ '(JH^J^' 

2j 1 j_e (^jja ^gj lina jilc J-1_jj k<Jj»j J-^ L_U j /KtLa < JL- ^ \ (__Lcj • 4-c j_x_>JL1 

(jja (j^j^L-JI Cj L_j__-c «jrn (j-u _y- JL_vlj p^>o VI _____ L_-i _>h <i uiTI _jf t4 m <*h 

(j-U^L-JI Cj _L<S (j-U (j-4 3jL->-lj (__»-_ L_Jj_-*_~ (Jlj .4_LxlJI UJjJ 3j_J3_>- (^jJS ^_J__5__J1 

jl_L_.Vl aJJt JiLo < ^imiTi Jt^j . ^jJll ^JUJI ^ 5j>>.jJLI CjI j->JL1 (j_4 j_-_>l jl 

4-%_L_JJ « LU^-OjC 4_£j JlJ Ld ^_-5 (Jj___J V 4-* *(J"J 1^I**(TI (j-fl j (__3 

(jjjJI l_11Ij I £_<>_£ 4jjL*_-i (j_>a 4____iJm« Cjjlj_5tJ c__)j_x Jl_ CjIjI i^-kJI (j-4 JuJL*JI 

_>_jla ^j-jjj ,((JjL_^II (jj--JI 1 ^ "-j j ; • ■ -^^ (jlaj-^t t-_-_Tj-_>>) Sj-£--- j miT I jJ jL >. 

(__L_ J-al ir \\ i \ $ jlr ^LuJI < ^ ( « i j (j-SJ i \ $ <\ $ ^j-LdJ 2l_j____j (j£. oVjL_>JLl 
._ysjJ1j »i <itLi jl n"< r VI jlj ,< "i i ul (jLg io J^L_v- _>jj J__j n i nll _>js ^<i"i *»JL1 
jjbjj-j-J*. (*1jL_-L • ^L-C 4 j-LJjjISJI (^)(j__-p_____JI 4_^Lst->a C^LjB La,t 'iC 

4_U1 ^_u=tj (jL_L_-_ L_jj ^jJ-J ^JIj-c -ij_vjj SljLJLl 4 o^"j *L_-j__>- Bruno ^jjjj 

(_-_L__ t£_A___3S__4JJ 4__C_J_L__i_41 4-J___ J^-aj ^5_-_J 1-4-1 , V li " <1 C_-lL_> t2bj-_-__jJI C--5tJ Lcw-J 

J___>J1 j-j-uJj) . 4__J1 4 <iUif ^4_6 4 jU r <_ >,t .<-_> jl__ _ j-i-ljJI __£} _ __Jj (jl ^iij 
(ji __1_JjjL_vJ1 _ys 4j1j__>-V ~-j u\ jT I Jj_>-j_-i (jSLj ^J ^jjj*>_j- 4__-tj___Jji jL_3 

cjL-jSL>JI J^c_4_k1j jlsj .(3 4_jj-*i_J1 4-o_____ (^JJ VI j____j -J ^jl__JLI ___L___JI 

j_j_xu>- (jV l_U_-J iheresy «4-_a_oj__4j|>) j_x 4-_g_)l ma J<t * 0 * ) 4-j_o1 j____j_j__JI 
C.lj " n I 4 i n n\ f,^yjuil\ (3j' v (__- 4jj « C_^__w1j JL__ 4jj >m J1 Cj Lc j-*-->JL 1 

.(j-4jJl (j-4 4_Lj___> 



gj>oJI j_l_ 6U> £jC 


__Jt -_u____jJL Lo5 lJLJ o^I <>-*-* <lP >--1l tgj M , „U JLc, 

(jjjjL___lil cJ_Ij__JJJ_J| ^jJi J-J_>! JJL_- __Jj 4-1 rriULj * Jj£_Jt J __l_Jj_L_J| 

^j^JI ji.ii <i"tL __ La >>> n u!-- *evangelical Jj 

(jrS>^ JJ mrti -iL*jj 4jjjujlo <jjj-_- J-> -M _____ 4 a <j-Aj t^jLaJLl l_jLj£-_1 
JjLb t^jj.l in^itt (j? J~"J ■ " U JuJLjJI __JJ 4 ) i ( i jtLj *5jL3e_lll CjLj^jJI jj__u/jj 
.^ubjj^jj 4JVI CjUK _>___-__. L$_! jl i^l j_oJ _$! ,.uJ V L_)l_<Jt IjlA CjLK 

c-^Sj^JI __-_ <j^jVl <jlj i-___jL_-. _M yb L* evolution jjtvJt _jj (jj-b-^r- p ^ « 
4.jK _>-a-j jAj iMcArthur ^jjT l_L _jj_>. Jj-a? -Lt-o sL_>, 4j ^jJI ju_^jJI 

4-jjjJ_^LJ| Lj L 7)~ * c ^jl » : Lujj jflfC 4j*_Ijj LLj^L^ L_jL_ 4_<j Jl_ j ~i i «iLa 

^ji-l 3j_C_Lu (_j\_jl_T jj_>.jj _>_uJ <j-J iSLpJI _>* 4 Inj mii JL___.I jj_*.jj -r <\ i 

^L_ i--uj-_OLll 4 rtinlrttt dJLgJ L___jj . «4jj, m> Jt _ya J_-___l j! 3ljl t,i[\ ^-Jl_ _____ 

. 4_cL__ Yi _____ L^-La Jf> ^jlbt_i ^L! -_l__ _-_s f*JL_ll (jiitj 

_-_i 4jjj U"tt 4J__M J__L>u _-___ Sj_L_Jt 4_jjjhJ-MJI 4jjJ_JJI j5 JJl-u JL_9 
_>-_-U Jj->-J Jl o "< *_t 3»j_C_ 1 ^ rttn" <jJ _)_3jS/l <_--_- 4_j__>JI ^Ijj_*I ^j-4 l__VV1 

j-j-JI _>_-j ir>>i L» *_-__- lJLIa l JL>. _jl _ T ___j . ____jj_-<c j-=t_- _-_i l_jLjj___J,I 

£j_j_bj__« djljj _-i_- J.c .t j 4j! JJL-uj ^ jj-J Mt,"ll juljJ >U idJ _j" i(_-_*jjJll 

j^j^i « (j___Sj J «J 4jI_j jj * __JI j__> l_U_ (jL-_> L«jjj ♦ Jj, \ y jjr-J* j j U "J t 

l_j j iti4 Jl_S I4J I qjXjlu\ Jlc (j-_>j _*! ^-ic <7<ii mm^I (^-jJI oLj_a->Jl 
j^a 4_uVl oLj_a_>Jl *_yz jju£ JJL-J ( >( j #11 JLg i-U L_il_i SLtii j-^J-s i4__j|j V 

t Mckay ^lSLo jljJljj j£i __Jj! Lo,i<r ) 111 j j o " j i » ^j s^j--* 
4_o_JJI ^L! ^ -1 ^ Mi t t iHuntress, Jr. _>jVI l> _j_-1_- ^-Jjjjj *Zare jlj jjl mhjjj 

LJIj ^jy- Jt J_-u Jjl jlf> i(jUjaiJ 4-Uj.ttJI 4_oJJt j_c 4n*ijiUj tpL__u_i! -U__j__Jt 

(j^ o ^ U ^L_____.Vl j_>- Ij ^L____Cj 4jVj (j__ ^j-_>ujSJI j <>>f jj_j iHall J j-a 
i , 0 jJLJI ALH 84001 ^>-LJt >*-»JI >-«j J5t O « t 4_^ j__JI 4_L_*JJI ^ 

1 fl * rt (j-^LcJ V 4__wjjJ j. j i 5^ 4_j_L*JJ CjIj n «11 JJL-C L)! Jj-* JL_ . 4 j.in jrAJjL 
(j! Jl>u tj-4^t I JL^J ^_4-bLe_L__l J ._>j/JL_UI l-jLSJI 4_)ij^J L__3j 4j j___ ^j-Lil 
J^jJo j-jJo jjc _-__>- jl * Jj-^1 4 j <ttr l-jIj j i ti rtl ^JL-u ^jjc. lj-_-_Lal Jl__ ^LJjJI 
^ ^<uJL__ J_*-_g jji >LaLii (^JLJI jli- jJa 4_Ut jl ^lj-lsl J--4 ij-~Vt 4j^-jJ-1 
_/u 4jj i.ii "tt oJJb (jj) *4 y <j*oj ^|>--J- r t Lr - - 0, ■ Ljj tjj V t^tt (j--»Lj 



iL_____J L_"i-r jL_l_>.| ^jSUj V (j-Jlj ^jjj^"^ 4_jj____JIj 4_iJLjjlJI iJjj-oVl 
L^jL*_-i ^-JLc ^jjJU _£_*_!___ i4_u___5JI <_-*3j__5 _y» jj ^t^^l V L^jI U_> 

jj___- ii-dij (j_d Vjjj .(<U t i ( j J^. S Ua I -».11 a tc _JJ Jj____3jJJ 4-_jjj^_>JI 

l_jL_5__j_M ^jj-i <jt (__£> ^a^Lat _>__ Ijj ■ ^j C. -r jthLlj-_4i <__!_- aU Jl 

• oj^L 4Mr,U J_L_->JI <> jujJLI __J1 4_JLJI 
JL^o.1 ljL_>J J___L_ LJ J^tJ \W\ ^Lc (jl__ iSjujLcJI Jt 

Cr- Ji^ cr^l f»J^--l 6^ jJUl J J-^J '£i>^ Cr^ J J-^i 

4 <t fo itj t riui^lt A "^ij*! A 5j_^wl j-oj 4(jn<i nill (j-o 4_LjjJiJl ^ j 1 1 1 

L-t-HjSJI Jjl Sj t"U t__i_jVjJlj Ljjjt <_-j_ (jj j^liitl ULuiI^I t j3j j j o *s U 3jj___La 
---iljSJI 4_i_3lj_>a J^L_v _yj <j-_-J uJL 4 ^ j \ iii ^J^>-> Jj-»- JJJJ jj-JI 4*i jlt.1 

l-__1j_>J! djj- 4_u!.L_w _£j__ I (j 1 1 i »1 (____!! i_j!j_ijLi3! l__1 mi**^! J*j>L (j__, Jj * 1 _, m h\ 
Jj^ JJ^, ti^b <extrasolar ^ <i *, ^jL_- l_-_j£ Jj! <jj . t-_J 4juLJ1 fj_*_JI <_---=. 
. jjj__>T _--* 4_ajjJ_JI ojl^j < rtnn^l jl_ iPegasi 51 <_____ L_-u 51 ^j*-JI 

i4_uLxu <__JJ J i njl (_£j->-t J J>- C_____-_"l <___}! t_-_ilj_JI JJ__ £-**uj1 t4 1 1 ii j lJJj 

(j_a _w) n r, Juuj ,(ji-___ JJL-aj J^La- jJ tJI ^LojjI ^lr. dJL5Tj_- CjIjL-ujI jjj>-J Jj« 
(j>o LjJjj3 -__u 4_jSLI_JI 4_x_-.L_JI (j_a 3j_jJL__> l_4->Ij-C ^«i-. jj__jJJ 4_L_L_J1 L-i*!-jL>JLt 
lj_i_i-> I o i ii ^ (jl 4 t ina 3jj_x__j 4_l_x_-.MJI l-1j^1-I i \ 7\*°l :_*L_?c__ 1 1 i ntl jL^jl ' j*j ~" *ti 
(jj-i-Li-JI l_L-L 4-_ll__-v (____j i4julj l___)I j__" L4J (j.n,<i uilL 4-^i-j-uJI ^j »tt ^j_xs 

, l_pLjV JJ_i (__JJ (j jj rt" rt j IjJ--* ^-4__vJ i4_j^L_ 3j__S j_Lo 
4_3L__>y L t( j n <i u JL 4 ^ j i mi 1 1 ^-j_a__J! Jj3- JJJJ ^--Jl L-^ljSJI 4t is\->r a (jl 

L^jt jjl-lj t (_-i*jj_U j^c_>Jl (___. 4-<ujl__ 3L_t_>w jjj>-j (jJLc 4JI jJI cjlj__ijJLI __JI 

t JL_>- _-JLcj . 4_ljL_. 4_-lSLij1 4jj_x_3 (j-3jVI Jj_j>- j_^> «il II (jjSJI __JJ ^j 
.j_j_-_____J 4 i ir>L>. _jrtJfclj_jJ1 <i J-__j i4___tL__JI Jj______JI ___- Ll___>.V L_4___i 

jJ- 1 plLc (jt (j-4 (jj-ct (_-_-> _psjVl (jt jL_____V1 jL-___,I I ^j iL-Uj Ljjf 1jp_ 

4_^jyi (Jj-aJl Jjt-3 j-L-j 1 ^ .11-1 _-_-j i4_jj-___JI ^jjJI (jJLc >LJj *4JJI (_n_- (___. 
^jJo (j_c ^Ti. .cVl 4___L*j V ^--U-JI L___3jll (j_-J .4JLlj____j (jjiJI L_-_a-U- .(j-jjl 
. L___>JI Jlj__JI --j___j L_i_J ^Jj-oj (jjjjj-OUI I _ <r <_ 'j"eJ (jt (j-i-cJ 4J____ I 


<£_>LI (_-!__ 31 j -w. _j_>-j JLo " >Jj 3jljjl>. L r __'!j_£ l__1 mm*?! x-jL_u ^ 
3 1 j_- _. _*j->.j 4__JLi-__>.l <jl Aj : _^L__- j-~-- jjy-c 4j_ajl4 jJljj 3jl_-1j l_!___> 
(JU_5 (jL_C L_> £____jJ1 ^ 7)s _u____JI I j__ (___*__ * L__-!j (j-_jJ tc_-!j j__ 4_jj_oj! "V 
j_-ljf JjL>- J-J_j .-_VU__->U LuIjjjl__ <___ _>__j iSjLjjL^JI oLal mm<V1 _d__ 
(jl ljjcj tj.rto <*;JL 4 _ j j ^j_*_JI _j! ___ ____JL oj j^latl j * m> . ^ ^Lc 

<j_4 L__*_?*-M (j-_ I hn, <l r.o j J<1J Lo _JLL_> (J-u-jJ 4-1 _J i4__fcjL J__* L4J (jjSu 

4_ j _ r -L _ysj .^LJJI l_jjJ 3j__>__i. ___i 3_j_>.jilj \ £ * * 4__uL____l! 4_j_ui ^j__se__!I 
__J_>j 4 4_joj___ j_t 1 l-u-Ij-wJI _ Jl__> /jA _£l < — al ni **< ^l ^jjO JL__-! (j-S <i *lj ^CvL_ i(Jj_i-l 
^ii-j _--L tj_vJ t<t rtf7\ 1,1 4j)rt"tl <_uLj t tn\\ JN-_- _y- L_>j j 1 1> rn (J&-^ 4-_U_L>. 

<_-_! 3jujl_>JI u_SI jSII c-al ^"<l ^.l jl___ __J jJ . Ji_JJ tj-a_L* lj-~i _,_£ <_JJ_ 
__JI J-uoj-lJl 4_j__L__l 3jJ___- Jj_ j^slrttl c-jj—S La-4 4 Jj-__3 ^13 r ^l___ 4_>.tj! 
. (jj_-Jt <_-__ 3j_____« . L__u! 4-t_* JJI 3L_>J1 Lcjjj i3L_>JI (j! ^___ JjJj 

_j j J. n"t %j <jjjJI ^LcJUJl C-ae-gjl ___ j_)j_LL 4 rtU"H jLi-_*l <jl Jl>o iJjiLj 

_-__ 4{ j;jj_j (j! tj-c ju V _M 2->j>_->-jJLt L-iiLi 4 $ j, t l__ijj_L-JI ^j! 
3L->JI (j_xa (_;j__-l J_x_itl -Lsejt ^-JJ iL_jVL>J1 ^_l<i _-__ tj_L <jl _ ^hio 
_^j-__uJI j__«__>JI fj\ c.j (j-icj . LiLc j 1 r (jj__>. VI ^cJI j-jJI ^j^ Mi " <___]! 
V! t^jjJl! _,___ 3Ll_- j>3>.j __J__; jJ-L. JjJj Jlc l^j^ V ALH 84001 

(jL_C j_jj_l! tj I JLq_1_>- ! 4__3__x__ J____JL -t_>-j- 4^uJL__JI 4 j VjjJlt 3j_it-__JI dJLA 
^_L_i__u l£j ~* J - i _.__ i_JJj 4____l_d O y J ._-_-_UI ^ 3L_j__>JL 1 o t n o 

tj! jjj . j_J-VI j___ t__£j-_s _-J- l-j j-^L- jl__ 3Lj_>JI <jL (^_L_j ___J1 -_jLjJ___J! 

_j_>.J (j-L_- J JU ^-JjL 1 0 fllj 4 m ^LI__J| _-_£> tjjjjl y l.o (j^j__*j__? _dL__ 

4_JL l__jj-L c_->uj * IjjU VI j-4___- V SLpJt (jL 4i_L_J! 4_*_>JI (jL_3 i3L_>JI 

L_>^Lx->.J c j-ll JjLtJ JLSj . ^lj-^JI L_uj-_u _____< ^t ""1 iii t4_j__-_Dj_c__->JI 

VJ c. iij (jJ I Ju_ ^jSJ ipanspermia J^L_JI jj-_Jt 4jjU)j jl ^ t V< . ,iVL . juj_>- 
3L_j__>JI tjlJa *tjjL _jjl_>. (jj_!u jl_9 3Ll__JJ 0 U <ilt ^j niilt ^j! ^ci-j 4_! 

_ ^LJLsJI ^ !r> t <o j l T i *J J . Q>--^^ Lt- J-^*^ C3-"i U-^ 0 Lh^ ^ J M l ^J 6 ' ".' J ' ^" 

LaLJ 3 j__-.L_ 3Ll___J ^j_>.V! JL_-__Vl (j! _ jj_^__v_>JI 4_lJL__ _-JJ 4__L__-VL 
(jj_C___uj .cosmic seeding ^-jj-CJ! jj^JI _>_- l_jL__j _l_ c_____> jJ (___>. 



__j i i4-Lju3j!^UI o\ \ ^sJI JL_L__! ______ 11*1 2Lflj-«-*j i(j_>L>. j-*j _-.!-* 

_yO L^_jJj C_L__J (__1J| I g i n i*n 4l>.jJLl __iJL> JL__ i L-pj-- 1 *__i 4 j rt j*S _)__ jJ-JJI 

. L^jjL_ _,_>- j! 

1 < j jlr Lt_T ___J1 I fl i g nl J^_>J1 4-jkjJ _,__ L_____oj! J-_>u *4 U 7t\\\ djub Jl_-J 

jJj -^jjJLI _,__ SLpJI -jj_»*j Jl y^lj *-_i___o___JI -j-*- _____*1j__!l __L___il Ja_ 
_j__j tl^ jlr 3Li_>JI jj^l_ _>--u ^UI ^JIjjJI _juJ LjIjjjl-j 2oLj L_j! Lu! 
^jJ__u_(__ _JJj _J -___! jJI _>_*__ .J___JL SLpJI L_$j1r -jj^J- __-Jl ^JIjjJI _11j 

^joTirr a _____>U1 ____ L#j j L*jj ___J1 j__LaS/l JJnJ L_*1jjJl__ _-__> 4JLL_U 2_Lj 
. ^jjjsJJI ^jru 4j__/L_JI C_L_____JLl j <r J__1j_JL ^"«gaj 4(-_- j--5 
iCj\. % <i " .yX \ oJJb J__-i _j->*j _jlf (j^jJa J_Jj Lu jJ _y-uJ t_;j_>-! 4_uvL _yo 
CjLj-^j _vfl LoJ (jj-_J (j*ojSU (j_J-_-j! V (jJ>_1j JJ->-J CjLu^ 4^J__U *-Jj-L_, 
J<j _vo _--J1 i«__itJjJtl 4_wjJ1» Jj_o 4j_Lo *-J_! _ya Lajj *4_Oj_9 CJ ____*>_— j 
(j! p_-j (j-J^-i • jrji_L- (jj__-JL 4___uj 4j_1 J!_a_ (jl (j-4 (jj_- Lo Juul L$j| 4jjj 
*j-a— ■ (jS Lcj JL__ t4_^Lu__J1 _jL1j_>.yi <■ Jr ! ____ 4J* j 1 *i (jl j t II Jl_L_i 4j1jj 
Ca n! J_5 CjLIjjJI t <Luj__ _j|j__! JjoLjlIj LoJl__ Lut ____ J_L_*j (j! 

_j_1j L-*J_j . l<j jlr _l r _l L^j_o (j-Uj V 4_wj- «_2_JLj 3jjJ_v j_u_ 1_^j! 

*L_lj-__>. ___>J i(jl_L_J1 Jj ^ ni _,__ jLa__-_l (j-Lal JJ_ i__CjJ.I _JJL>JI 4j1j__ 
(j n n *( T 1 (-J1 4_j__llL 4___jJu L^JJ_> ^o--j (jr-*- ^Lclc _JjJ 1 Jlu>. 4_^Jj__c 

3ju__JI ^ )_>__jLo j_j_- jL_u t Duck soup «J__J1 ^L__-» ^JL_ _____ .4jj____JI 

i 1 JlA 4JI j__> ___ _p- ^-l-. (jl_J tlljnr L! *_^J__x__u _)_.» : >LjLs 4_j_uJ| 
j^ j mi (j__J ^J (-< j^> .4_L__>J1 JjJsj (jl_C 4j_ l_J jj i___jl! IjlA ___ J_Vl ____ 
_! _J___u t 4_t_*iaJ1 j___J1 <^j _v*j jjjL_ ^j-Jj 5jl_l__JI 4j!j (j;jJI j__ 

(__C (J— J— — Lo _^_l_C J_J_ l— Jjj j-Slj-JJ >. J . C Jj *< J C _jjL___ _)| _J ___1JL___ 

j-t__j Lc L_1 j_iit (jj_u (j! t 1-t.j ^___i j_bj _ 4j__»jI *MJI —jljLjJI _JJ_ _jjj_w 

Ijtii^ _^J_Jt_JJ (j--CJ __-J1 ( U J_J__JjjJl1 _jL__>- ijLUI JjJ 11, (-__ i( j_-l 

.4j__Ij j!--*V| _JJj 4_*J_l_J, 4_JL_>J1 CjLj__J1 _>--_j- _j! 1*jI*» _ 4Jj4_aJ 
__JLl_w j__u (j-o (_j- <?!>-__ I _Jj_C_ __l!1 jJ__Jl Cj1_4-_*-j jp3 * JL>JI 4_lu_J__jj 

3j__<i1j__-i jj-_>.jj (jjJLojj (jjjJI _l_tj! ^l__jl __!! jj_ ^J 1_~) J_oL__JL 
^ c___J 4JL>J1 ,jl_> ^ t UFOs 5 j-LLJI JLJa -L *i__*_JLl cjLojLdl 


£j>oJI __Lc 5Lt_* qc t£_»_J| 


-_H>J JUj-1-3-1 ^j j (jL__ i4- j . ft. Ut l jiaJJi 3 fl y j _yoj . (L^L=_____.| 4j__^_i 

<*tt n\ C_jL-_' L- __i_l J-o 1 tj ,jj--JI (j_a (Jj-ji-l _>£>L~! (__■_ 3jjJ__1>. olj ______>. 

_h- 3j j jiLll j(jlcV1 (j_jL__.f ^^IjljS :4_J_jL_JI C-IjJLuJI <_-_ _Sj-i- _! 

u_-_j 4jqJL5jJLI __iljL____>Jl _jf ^LJjJI .V n"itj ' LgJ_- 3Lp_l -JJ>»J J-«" *vl I -JatjJLI 

. (J____JL 3_j_>.j_* L$jf __i__ Lt 4 ^LJj jj^i \~ 4 j V ^jSUj i3jjj>.j-« oj--* 

i(j__j^/l _-Jt (jij_-jjwO _/L^jL_- JjJjutj (jjl J J->-J f*J--- oj-- '-dJli _-JJ ^Ll_>^Lj 

t 4-LiXjl V __)tjL__-__. /y, 4_jSLLuV __»ljL-_.J _£l JL_____J ___i _L___JI __!( 2__iL__>t 

*_>->- 1 -1!-* ^r- J-&I __i_- *(j*J---! CjIjI in JJ->J JL-_> »1 j i»l __i-_ JjLstJ 

. 2uL_Jt ljjj 3j_ae--i _ya 4_l_ (jiiJJU (jjjjt 
4-rt JjL>o ___Jl I ^ i ii rt *i 4 nj rt-^t-t (jf jJ^Jlu <jf i Ijlr iJLs- ^-L-J 
(_-__ £Lu____J 4-l_LgJt ^j_*_>J1 — 1 gj*°i 3Ll_-JI jjj>-j J_ftI___J 3^_u_T jJslj--- _jw»-J 

L$j| (jl»jJL_u ^--Jl ^j___>_J1 _y- ^--u-u^kj V jljL_cf _____ _JjJl->u _--J1j 'Jjj-CJl 

(jyu j A < ntl 0--waJ JLu-b L___ul J_L_*u _ L___o1 L_gJ 4_jlj___J1 -_-_*lj_J1 (<_-_>_ 
3_jj>.ji1 __i_ 1jL>- j u^i JU jj ^-j *r ftl (jrtj Sjlj-wjJLt _J U_ L_JLL_ .^-j_*jJ1 

___. ,.\ t > J j.-g mJI ^-Jl ^-j-_t_JI e_}j__5l (jj jj <i mi tt Lu-____J L-£\jS __j 

|jL__ . Jj--/t (_---C j-Jj-Llj _>^J^^ O^-i 4-J-l r.nU < * (jj jl a j-Lj 4_at i ii a 
5_-uLj-£_vJ! -c-jjI i U ^__*_*J ^-j y *rtl 4_t3 jij_o ^LljJI __)j jJ LwJj-C- t '< » r i ^> 
^La_c___-j Jj_>-^j t 4_» <L__>L>- 5j-j_i_» 4-uJuft I $ < a ^j-J-b J-CJ (jj__J_____ i4j_tL*JI 

t Ll-ulj iJt_UJ-_4_AJ i(jjL_Jj l(jj_J-__-JJJ i_djJUJ_JJ (j-A Jf* _-__ _!__>- tj (_yJj ^ ^ 
L ^j__>-Vt -_)tjLi_-__>Jl (_-_-_ (J?JJ4J j J ut l -^jU" < inl V Lul f*_Lj ^-l-Cj .^-^JjJ 
tjL-JL-u -_jIjLl___>JI -JLA (jl -^j_L_u 4j^UI (3-L-->JI (jlii *4_5___JL (jLtlu Lft-J_- 

4jjj]_> 4j («py mi L_j^L-.j Jj*L>- (j-4 (j__J iL^J (jl j_l>. (_^_j JL___jjAJ l_^jVjLt__ 

_jUL__) i4jL>Jl i»JL-> _-_9j .4 j->,linj4JI __j|jL__yi j i C (jSJj i JJ-_t__ ^f 3jJ-u-U 
_/_M _^j-_>-J ___JI t j i i 4t i- ^ ljJJLI -i^_>JI SjLjj JjL_>u (jf 4jj-.- t ?i Jt _____ 

(j-« 4-Lft "l -jljLiil (__Jl i(jVI _-Ju>. ^L>J) _^l _9_L___>U (jjjt (jnO tgj . lO jAJ 

.(_fj_>-Vt ^j-t-JI J j_- JL>-JJ Jl9 3L_>JI (j-« 4j_T_i J_-LJ_I 

(j__ Jl _-JJ a jt^-tl ____! j__W____JI (j^ 4_jlI___ ___L______"I _v«3 -LLwjJI (jj 

(j-_ 4_uT 3j__3_-___JI ojSu 1 fli t ir _>_vJ <3j_a.t_r 5 J-_->* jJ-jj jl_ ' --*ljt <^> 

^lj-A __ic. 4jj "i ~r a CuLj- LftJjj t4f i» (j-ujt-j 4_jLjjf JlIx l_uj--jj i j-J-T ___-j_£ 



0 Jl_>*J ^j-^jJ!^ . 4-dl >; J__t 3j__L_J! Jj-O (^ojJl^ 4-L < ^ j I V SLo* J« r*n Cuj^S 

< ^--Jl 4JLuJ! jjb ^ ^Lc <jt j-_L___d--u L*-> IjI Uj Lj t V j , ,i (^jJl ^Jt 

t Lbj^wj ^ 02-^*^ L^^Lj jju t 4_Lx^jl*yUl 3L_>JI JL-Lit ^jjo J_C_Jl Jjl I^_l9 
(jh *f i till u_.Vt juuj t^l <^vVl L_5_4_>j_SLJ L&LL___ SjjLLo <j-4 * < nll (j-o^Lo juuj 

♦ ( j__>j*-/1 ^--L- LL-LJl d JLA Joj) *i < ii Jys 
U£ iALH 84001 er^>^' >^_->Jl <jU <4.i_<-aLj-JI 4^L>lr*-4 4j£ (jL-C U-$_aj 
La JjjL_v ^"i *w i4_uo-xjM Sl j -kJI ^ ■ >* * j ■ 4j*u!j 4_L-.j-s ^-.jI^Js jjj Jl_- t J*1 
4-4-9 ^ rtlCi <jJ Li jJl C-9jJl jjirLni La jL_Cj--u t J__>J1 jn< mj . <jVI 4___j_*_) 
|C4-9 (j-4 ^j-Lo-il^J Jj *4_J Lj-_L3fcj <jt <__--s-JjJll ^j-iJJI j-_*jsb_U <jSUj La «jJljjL 
jUa-ul <__-_ jjjLJ! IjLA Jlju Vj .^mi ,4-miII ^Ua-JI 31 j >JI J>ta3j ^J-*^ 

L^JL-ujlj tSLpJl jj>-j « £_"_ j-jj » (j--Jl l_jIjjVI ^Ji-o (j-4 1 K <i** I jL_i i4j L-__L-j-_o*l 

4_JL_w jf 4-__jL-u *»L_>. Jj_>-J 4jj n * a 3jj i n i J^a_i_*J ,_--J! ^jiiLoS/! l__iI iliCr < «V 
4 o trS (U 4_^j_L__J! JjA_>» L-gjl rt itf 4 J_lL>u L-^al, t V" i iil ^cj ^j-AJ 1 1 fl j°i 
J*}L>- LyJu-i ^c-Tj <i i ii I Ij^ mi *(jj-SJ! ^-9 -*L->Jl 4___j___- <j-N-j-li -J ~* <i < ii **t iii (j-jJI 
. i<_LoUt ^jjuLo j^ii LgJLo ^ *i mII <ij^>Jl Lot i4_L>.jJI ^j-o *:j->* 




J\ _jj_ u-°J^' ^U-- ^J---' j-*-»-" i' ^J- 1 ' '-Meteorite ( \ ) 

.^j_JJ _ >Lo _i l__UJ JJLUJ 

-_>l_ oljjJI _jlc <ya ^L-Jj _>_____. «I» :Jjl .n"tTI «-.ia-H tDecay (Y) 

.jjl SjJJI jM_5t_l «o» . Jol .muII 4 x f-L.fc.Aj -ijLa _yC.I . » Jol .Mijttl 

. ^_>.j_jli _ i^Ldij 

.^j_UI_(Ltj_>.ro. ^I^J^jl^l JiojijL^UI iPound (T) 
. National Aeronautics and Space Administration : NASA ( l ) 
. American Association for the Advancement of Science : AAAS (o) 
___» 4___>__t1 jl i3 j nj AiJl ^Jaj-tll <j! J^Slj _____ 1l* 4o£j< niH :Skepticism p) 

. ^->-j_lL1 _ 3 Jl_j__ jl _____*_, jj_i * J-i_- 

^jj^y. jU-a^ ___Jj_«j ______ ,(1^1 _\ \rt) jUL JjL_: :Carl Sagan (V) 

c p3j- f l j_>- SL_>J1 Jjj_al ^d-J Lu^a _j^-___>tj Ijjj c-aJ ____jj_-3l 

i(ATP) C-l n i nj-aJI _£..__-! ^jjjjjjj. 1 ! jl ___a_* j_^i_! J___3 iL^jj_-i CjLIjli 
£-_-! Lojj i4_L_»Jl __iLu__J1 ^_l»_v ___! 4__LI_JI jjjj-it-J ___*L__1 *._£j_>- J--J 
(J 5-3 4___«J<U L^___j__j Ju__ 4 j-.»L__ _M 4jj.j,Aa 1 1 __Ljj_>JI _ya i.t-^jlA. J_lS jj-4 
t>J_* _jl a < _ ifc j (j_-J * JLc. < la t 1 y> C_>o 4^jL__u l_jL>.j__ UV 4 __•»...■ _,iJl 
Lcj 3j_u_i CjLl^SL) ^_j_wj_4 (jj__j _jfj Ju_ t -j____J1 jjL_a_a c_U j_Sj C-L_jj->J1 

*lj_>. _ Ij3 4j >Um.1I £__MJLI jL>.L__ _>_j.. j__j . 3j__Ll_J1 _»j_* Jjj rtTt-l.l (jrtCt 

.^jiii . tiji-^i ____i_£_i ^jo>t ^jSij^n 

4.1 nltll cj^Lail ^Lu__>.l ____> (<<u_o__JI) *}L*jJI 4_-__>.Ij_4 : peer-re view (A) 

jLoil 4_i3-^Lu_ ^jj rt"t JL>J,I (j_t_u _-_> _^__u__»_ll _ya Jjuc (Cjj-Sjj 4_fc_>JjJL 
.^j_I1 _ 3_j1 jJI CjLLuJI 4-3t___j iL___>JLl 4j<iUI1 CjM->JL1 ^ j___JL_l 

cjIjjL_JL1 __j3 4jjl n J1 ^juir " ,,.1 -JL-Ja j_j__. SjL__ _ jl_aL_1J1 .Blank (*\) 

. f__vj-_ll _ 4xl<i.fcU 



gdjaJI __L_ dU> oc i*J| 


_lJ_ 4 1 m o _>£. t M"Vi (Jj>3 e^ajj-* - 4___uL__JI 4___U1 tControl group ( ^ * ) 
t_iLi: jf (j_-jJLl _-jLu_ cm^ _>* (__VL>Jt <Jjj_i jl _JL_JL1 Jj>iJI) 4_JjjJ1 

_ d A ,~,r,\\ I ^ -_jf p^i.i jl>.jj Lo SjLcj :4_)}__>.1 jl ^_L3t___JLl <L>JL_JLl J__c_ 

. ^_>j_Lll _ L^JLu 4_jL_l,l *.lj_vL -e_4-4-u_i - _> n i-»J l jl (J---JI J_-« 

t 4_JI 4j_jM1 _;j stlj t _yajVl (UjjI -j mi "n _>U " i_ fl :__jj_____ Tectonic (U ) 

.<<__wj_U __-_!__>_- 4___LJI J__i_Mj 
j^_4_ L^__i__j) .^JJ . . . ___ i j_J___o jl-_9 jl 3jL__-__> 5 |-, < ' ^ I Ul iDebris ( ^ Y) 

.(<->-J--tl - (^Jui^ 

>« _iiLi_ j 1 jl j_i_v LL_u :(j_xj_L__l -__>Jlj) jj A ~- _1 ;Fossil evidence p Y) 

. ^_>J_Jj _ ( _ ) _3J_ , 1 fl_Ol ___* 3j_5__-fcJ-____ L__JL_ ___N-jJ J-L>- J <<-lf 

.Polycyclic aromatic hydrocarbons; PAHs (U) 
fr L__o 4_L____JLI __L-1*__JI ^j_^_-__4 :<j^VI j! e-iM 5" miV1 i.Metabolism ( > 0) 

_£> _-_]• J '4l>J1 L}L>J1 __J_ 4_uLo j<Jl __1j-u__tl :4___L-_jj . Uj>Lj_jjj-J1 
JtljjU J-L—J 1_£j ___]1j 4jj_j_*_11 _ -LLLlaJJIj -jLJLulJJ 4jjjj_u_JI 4_)L__Jl j-^JJ 
.^_vj_J.1 _ juJ-il.1 _j__ (j-ajj»llJ 3_UJL>Jl 

.^jlLll _ _j__,Vl jujl>JI ,.u,„<i tMagnetite (U) 
__Lc JjJjJI 4_o__L _*-_jj___JI __>! ^IJJI :-_Li_VI *_-__ tBurden of proof (W) 

. ^_>.j_LL1 - 4jjl___J1 j-__>- "-Mj ( La s.L__j1 4-~c-(_3 

t ( ) «jao^) ^u_jjj -jLij ulJ° i J_j j o Lj >-' jV tA - c * Dol y e ( u ) 

_>_ Jj 44_u_ _ , | 4_l__IjI IjjJ__-J (j-J ^ V Y ^Lc j-j-_- _-__J __lc J___-_- 

_tj_>. J^L- L__jj_a1 t_jj__*j 4_u1_i_JLI cjLo . r "1 . nU __- 1 ___ 4_u_L_J1 4jLaj__. 

3 j-Ju--Jl 3jL__J1 ^I^SJI __)VT _>>• j_v1j :j4j1_J1 jt « .^jj-CJI i Asteroid (U) 

. |j_>.j_U.1 _ (_jj____Llj ^cjj_L1 _nj 4___1jJI 
_____ (—JLa _-_jj__-i _____-. jl__j *_____ j_ ^_>u j_> -__-_U1 iHalley's comet ( Y * ) 
t (WiY_Uol) juj^j! ( ___L___jj_J1 oL_ h __L > J1 ^Lcj ___J__J1 ^l 

___jj,1 4-u-Jj . 4_a--uL Julj Li_l_ _. q___ _jjJl <__JjJLl jljLc t < < n.-- _ys Jjl 
jljJLl _ya 4_.«i -r is> ^J__3j i—jIjJLJI _ys 4_La /. Y 0 _)j_C__JJ t 3j_.i_.l_> 2Ll_5eJj 3j_< 
3jj_uo ___ LJLc i__jL_»J1 jj-a 4_La /V0 (jj<"n 1 «i iii i4_i_ J_jJ,1 j| 4_jJ*_-_J1 



* jL___d1 jj-t-> _-i__ ^j_i_>_ ^Ul djl. i ^jll o- 4 ' J o-r-" a 

JjJU (jl t ___*_- *_-JL_> £--JJ _L_J . \jt j J 1-1 "^ ! u-^J * ^J- 4 ^ _* 

^Lc CjU _i___ aljj jl _,jj _ WOA ^LtJ! ___} 4-4__J 4_J__ J-^l s-j-U' 
.^.joli -HAYj , \ W t \ or > cjIjuL_J1 ____ a_J__v>L a _u*_ ^jJlj-WiY 

^ — a_J_J1 f-JL__j astronomy _dJ__J1 (<____ __Ja ;_jj — Jl 3j-j1-s iZodiac (Y\ ) 

-LaL___, j___<u (_;_JI _gj> a ,gjt ^ I>j>J1 __J_ <£j»-JI 5 >>*- <_r**J ^astrology 
.ecliptic 0 ,<<i c,M j.j ,„l __jj__L__JI 3 j_it jJI __-i-il_>. _>-« J£ _-_£. -_L_vj_ \ 
^ljjVl-^_-__l ( ji e rI! Ij-J-Oj >ftl) 4.,<J'i ^^Lc U _____ ^-~jj 

,3i__l . V -ii _ t-LiL-jljj. -- J___a_ ^iia ii) tl j \ <„ a 3j_jI J L_Aj_j-__ j_«j _---Jl 

jt ( «__.L_tj_pJ1 Sjjlj» ji Zodiakos kyklos ^*__l cL-jl_JI Jjjj^yi L^-alc 
___J1 zodiac -_____J r, „1 1 4 i~j *(3j--_J____J1 cjLJIj _ -_J1) ta zodia 

.(<_>- jjJLl _ __a_- ^J_j_l__J 

t jU1j t 4_bjVt 4j| Jrra tjul >_> J1>->jj o-* ^LJl L_^^__jil Jz (YY) 
L__Ljj J__ji ^jJI Shamash 0 -______ 4j)M ^\ j_j>j ^lj_______Jlj 1 . r ij__>J1j 

j__ (jt-JIj tCutha Lj_> 4___jj_4 ^__jl jjL-j ij_L__jtj ^i-aL-ti-*. 3j__L_J. 4jj_j 

. ^_v j__U _ «cjjil » L ^ .-J ____u 

4 " a j^j c_J_?j ^j->J1 4j) >_, <__j__jj_cyi L-t-w^JjiLJLl __J_ ^(j-jjjt t Ares (YT) 
_Lu1 4__jl*j jL- L__ t 4__^L__i1 __$J1 ___.j <Eris (j-ujjj 4__wJ 4_ijL__ _ _-UI 

4_$J1 ____>j <Enyo j-a-l __J1 4__L__))?L iPhobos ,j_)jjj__j Deimos u-"j-«j- 

.^^jjlLI _ __lj_5_il 4_<u J_ 

jjji _,-« jL_- ._jj_-»JI 4JJ j_» t -_jjl_-jjJt Lj ->.jjj ___. i_>-jL«s tMars (Yi) 
^jjjJt 4Jt (j-^jU tjLS .^-.UjjJI __jjL_Jt Jjtjt ^ .3jL__c Uj-iiCij a^^t 
j 1 n Jij jl_ Lc-4 ^L__jt t j__jj_J L4JI tjl__ L<jJ_* t 4jj>____-J1j t4 - j lUtt jL_»jjlj 
Jupiter >Luj^ tjjl >aj •'-hj--*-' 0-*i tCj J-*' c?-! ^ L_^ 4j>?-j 
_jl_. -u_J I jJajj .Remus _>->«iJjj Romulus ,j_)^Jj>sjj jJtjj Juno jjj^j 

i___LajjJ! ^ii miII __JL_JLjj *L>sjj 4_jjJL t j_-Jjji___ J "_'t j_ ,n injJLt tjj_u_ jJtj 
. ^jwjjII _ «jj-jjL- p-Luttt ^___1 i.i iit l ____, j jnlln j tjLajjJt _jL_» J-___t 

jlsj ;4j_Lj_JL __-f.jJ1 Phobos (j_jjjj__ __J_*jj ii-jj_>J1 4Jj tj-jjjT LjI U__ (Yo) 
t <iii it l j__ VI i-jjJja ____ ____ijJ! l__jj .±1-1 ^ t__5jL«J! ___i ^jJIjJ ___-_>! j_a 



£jj&JI t^lc iLp o_s duuJI 

oL\ <3_l _)__" <4_jjLj_JL l__jJ-JI 4_4__-l ^puuj tDeimos _y_j^u_ 4jLuLi 

,f_^jJUt _ L__j! _j^_>JI ___ 
.^jlLI _ _j_jjL_$Jt jl__ Ll_tl _jj_$_J1 4__J_ _1 jjal _u~l :(_-«_-jj 'Brahmin (Yl) 
L-Uj •j ( ^1xj<^-^ a ^) j^SJLI G. Wells(YV) 

4_j1jj 4_jLL__' j-^--f (jjij * u ol ttt JL_>J1 _jJ( _ljj _>_~ j j 1 tj i^j-J_*uj 

.^j_utl - «(>«jJ1 -Jl» 

^IUj ^j-^j *l__jI_j ijlo-a *( \\ Ao_> ^ ) o ) jj j (jj__jjl '.Orson Welles (YA) 
Citizen Kane _,J_ljII» 4 A L 4 j___j (cr Cjj__al <_-£.! jjj o i j r» 
.^j-Jll _4_JLtJt UMM.II^jLi^-i IjJitj^yi ^!^{Uil) 


___ ^.-^ n f_L- :oI_jjj_£J1 ^oic j__j * Lj_>,jJj_,jj_-JL ^LlII :Cosmologist (\) 
.^_*-j_X1 _ 4 i ii.j aljjj jJj__>L__j i~L-J1 4_jjjj QjSJI J——4 

4_j_^JUj_1*JI ^yi Ja__ _* Ij <4__ol a <Ji ,*_."<-^ jl <___L_ut : Serendipitous (Y) 
4_5_L___4 3jLi_JI jt 4__lj_UII f.\ ,.ui-M (__l mi"<I 4__-j_o __aj :serendipity 

.|*jwj_JLl - (4j>_JI l_*jJUj-__ *tj--l 3jjJL__wl (j^i) 

4. .;ltl __JI ^>LL___VI Ijla Jio jl-__j . Jl ^yjju 4-_JUV_j i Blitz (T) 

^LJI ____■ 4__UL_- 4_-j___u Ljjjl ^jj-UI LuLH _jlj_ *-jj__ LjL_C 2ljj\_J_>_i^M 
«_jj__Jl __>j__>.» 1 -i 4j_a- jt *4 -,UL>Jt i_Jjl_>J1 (<____ L t__j-_. Lo i \^>T\ 

• ^j-Ut _ Blitzkrieg 
4_jjI :apocrypha t Lijj-£jjVL 4__>Lc j_ (> ) -^UujS^ : Apocryphal (1) 
(j-CJj i^j-jl-LU ljLj_J1 jl__JI -jl_4_»J 1 » _j L __»__- 1 (J_*_Lj Ij_____j j i» r 

____ jl l^"~-i^> ___! -J j*V m i O __)L___ (Y) . 1^"|TT m,l (JJ-ijO-J _* L_jl"l fM*)Jj-Jl 

, J 

.^j>-JjX\ _ (j^jijjll (j_4 ^_Jt (jjjj-J (j-4 (__JI l^"n ui) 4- - e uo 

.i-j^jj^^t 5j_*-JI -jL^jJL juL>_I jjJ> ^Lut j_-l «I» :_-S_LJl : Yankees (o) 

J__v? :_ t _Cj > -4_'1 «-■)) .4_J_Cjj_v,_ , 1 JU_jJI L-J-J-J (j-O 4jVj pLul Jlj-1 «l_J» 

.^j_JLl _ ^^j^.»! 5jl*_X1 oL*-jJ1 ^LjI 



_£_ol_HjJ| 


^-Li-^s ^-Jj oLuujiJ 4jb^^_>i Jji £>.j_ :Quadrantid ("\) 

.Brucalassi ^^ISj^ j-^j-j-t JL__jVt _-£l_Jt (>~ ( UYo ^Lu 
<Ju_ UVAj UV * __*__. jjLj ^ (^jLill ij>^t -jL1-x>.^L« l_jj_>.j 

^,1 JL_j . i- i_uj— J I _— __ 4_u__1j ,^*j (jL«_jL_ (juiJjJ jj^Jj-»-uJ^-i-uJ I jjr\ & 1 tt 1 1 

(jl_* LJL- JaL (4j_j£) -j_> ■ 'j H ^m-uL _-£^j_J1 Jj^jJI l__ - 

(___ j-^j^) ^jJlj Quadrans Muralis 4jjIj__>JI 4 j «j jJI _ - < » . ■ _ 
pLilll 4JoJi] l_jj-_j ' j — £____LJi (jjJUI d ^ j ,U l t 4 j<1 All <j_J__._M 
<(Bo6tes *L_J1 ^lj) ^I^jJI ^jSj .Hercules (^l jJI) ^UJl 

.^j-UI _ (Draco) ury-JI 4j__j_j 
1jJ__j < j^LUVI _-__ 4_^j_l_J1 cj^jIjJI j-^-il t ijL__.j__JI juu :Perseid (V) 

3tj_$Jl l ft j frl iii,t ^-Ul <__^___J1 4_l J Lc. (J-Lcj j(j *^ c__u___JI Jj___ ,___ djj_4__J 
4_JJ j-j i\t ^jJI j^L__Jl Jjf -jjuj i__l_ll ^Lc ___ jrt m <r-> ViU j-ti- 

__a 5 jJl^ ^\ j_™ 4_Jj o jL__1 U_C . j>Ll*1! T"\ ^ Lc 4j;,j«,--JI l_>LL__J1 J1 
j_i__ oMj-*1! ^ - A (j jj-Jl JjL_- 4jj^_J1j 4_^1_jLJ1j 4jJLjj-_J1 l_/>1-- miII 
. -M-j-JJ U - U os>--!l J>-_- 4_J1 j , ,\> -_>.l jJll M_i_a Ijjlc 6* 
^ySLo-LJI _,-UJ1 __JI Ljj___u t-jl^Mill Ijla jj-$J- L_aL_-_-1 ___ J____J1 £_>.j_jj 
___ J-jl_*j <__£3-jj JjIj -j->j ^AVo ^Lc j__*_ _;_JI Quĕtelet 4 jlj " j< 
(Perseus (j_,jl___j__) jLl_>JI 4___ij_ ^ £__jj ^.Lc J_? _>>» u „U,..r I j-4_- 

. ^Vj_I1 _ ^__V1 (jp_ujl Luk /_y3j 

jl__V| -jj (j.4 ^ioj t 4_j__C3_i_J1 cjMjIjJI j----t (j^ ,ij n,Vl jwju :Leonid (A) 
J>L_- JjI^JI Ijla (j>j < mi 11 (jjj (jl (jS_«jj *^__i^1 Jp_Jul Ua j (Leo) 

4___ j^L__J1 Jjt ^_>-j_jj . Ljj-oj j_L«_a jj (j_4 j .j_c ^jL_J1 Jjj- (j-ua jj 3j__9 

.^j__ll-^j>LJLI j__UJl (jjJUI ^l 
Jjl _L_ c-^-j--*^ « J"»^" a «(^ ^Y-_Uo"\) ^j_ij ^jjjjl cjjjjj :Peary (\) 

3j_LJll __^L*_>JI (jA I-jJLC J_3 l_J JJij tL _Jl o ."„11 c__la_Jl __J1 Jj^u-jU 4JU_- 
4_-_1j_ (__ ^j-i-C 4_i.l o r 4jx__I __1_ 4jL__Cj 4jL__-^L» __j_i . Ju>_Ijj_>. __!) 

.^j_I1 _ 4_lx___JI jLLUI 

<Jlc j t tJajjJl _-__ 4__l_>U>.j) Ju_vl j JjLLd (j-» C-xj : JJLUJI ; BungalOW ( ) 

. ^<_>-j_-lt _ (jjcjJI (_^_I_Li 



.f_^j_iU _ jL_JI -->l j-joJl Ci^Kl _>_-» : ^^j)JI :Shrew-like (^ ) 

-f-^j-Ul _ 4-cjj_-JI *Lo*Vl ^Uc :Paleobiology p Y) 
L$J 4__o3__JLI *l____/_t o>J cr^ ^J-^-* lMj-*JI j-^1 :Weathering pt) 

j jUll JJ--> llj 4Jj___Jl Jl^o :4___sL_-j tl m, jf L$_j_l__j*j ___* j| 

, ^__»>.j_Ul _ __jLlaj__11j 

»1 Ur ^___ j>_-u tjjl— » j a J , y 4_ ^ J. : 3 j ^.l*; . :Nunataks (U) 

.^_»-j_UI _ _£ju__Lv 

(j-TUSU jja^jJI ^jJI j! _____>jJI «1» : L^1j__jjj__JL jLlU : Topographical p o) 
(jLa_____j) ^J-j jl £___> ^JL - j --U ... II <__| « <,,i\\ «<__»» . 3 _ ■» U , ,.tl 1 _"1 ^ ,..1 ji 
.^_*-j_U.I _ (^JI . .. jj___»JIj _gjJ_J1j jL^j-Mj <_jIjjj_.J1j 4jjj_M j _jL_agJ1 

__>-_! <r> ^JI ij~jju --U_J1 fJ__ t>* £>- -4 j<UI1 eL) j rtll : Astrophysics (H) 

. ^_»-j_UI _ 4jjLa__J1 ^,lj_V^U d_U L j.j ^ 1 1 j__JjJ_Jlj 

4_j__^jJj_xJ1 jl 4 j» uWtll j__s1jJ_J1 r_yi Sjj__o jl 4_tli : __Ji"i "mi-^JI :Gestalt ( W) 
(j--_L___- clil j 4_j___l__j _JL__-j L___J jj _t__o_J 4_l a_b_Lo 4_j__- jJ jSLj___J 1 jl 
4 h ri 1 1 1 j tL> _-> *j __JI 1 g «>> » t ^___s jj__-_aj Lgjtj__vi j_~ L&jl jl______J (j__4J V 

.^_*-j_Ul _ 3j jj-o jl (J_L__ __-_t_4J 4_uLll 

ftlj>_^JI ___i jl-vjj (jjJJlj j-' (V--- 5 - _*3-- j ^Oj-^j- 1 ' :Argon (\A) 
__*_uL_Mj 4_uLj_^_JI ^-j j L__J.I dJJ, 4___>L*_i J<n" >,_jj 4_Jl_»j_J1 CjljUJI _— -j 

.f_=wj_Ul _ 4_Jjj_i_JVl 

j____^j ju_ij ^ <-Lc __i_i___l j__t_- : jL-uij j__-__-. :Rosetta Stone ()\) 

J__ __J-- ______ La_4 4jj___J| 4 jnjlr j^_i_gJlj 4_uLj-JL 4jj1jj_4 L_uj_i_ J-a_*_i 

( _-_aJ j >___I1 _jLjj____J,1 ^cJL_.j _^j_ilJlj J_JJ-U _$Ju _-J-_ 3j__|__-.Vl ->j__> jj-aj 

.^j-Ui .(urr.w^*) ojjI^L-. 

___) ___i-L-i_JJ _-*j*-« >j-?l ^ 4 j 4______j_4 : Smithsonian Institution (T * ) 

Jl__j_4J (jlj-p- 4__jJL- __ll 4_.L_>yij t( jjJ,_ U L---j_Avaj ___*_La \ 1 ^-__u t^JL-JI 
(cJLJI (j-a JjJ--_iJ ^Ai"\ ^Lc 4 r„ ,,ijI1 C-____)l JL_j *4_x*-L_ _j|j__l_*_aj __<!_ 

4_____.jUI jojuj .(UY^ _ Wlo) Smithson , ,, m n , ,, jn ^L> ^Li-^JI 

_j-a 4j^_jj i 3 _______! I j_j_l_j i___jj__a _'l _j_ijjjJI l___L ^u__j ^L_l___»j^L1 _j-J_-s_4 

.^_j-j_UI _ _j_;Loj__>. J*_-C (j-J"f a 4___uj t^jil", <i - 4j^_jj i--j_l__JI (j.»1~f ,a ^L___.l 



<j£-oI£qJI 


c<~. ■ 11 j! j $ -Ul Jl * « " ,„l ;4jjL^V1 j! j 1 _ r " :Microscopy ( \ ) 

. ^a-^j— -II - 4**<l_ nljj 

Uj___L_4 £_-uj *pJL*JI __<_ 4. jlirtill _jL_>j-__J1 j_, <1 3j-__-Jj :Exxon (T) 

. ^_>-j__11 - 4-iSLj^qV! (J_jL___\j 4j"_/j ^jja — ''J^jl 4jj JLcj j^^—ujjjJI 

Manned SpaceAight Center (T) 
<ji ( \ W_\ <U V) ^ jl^ oj^- tA^^I <j_o-jJ1 <ji_h m \ ^L* jhH- J&(i) 

J-j-3 j-_— 1 (__JJ frl_a_ jljj I4M a Ji£. 4^L__3 *L£ij_-) J___j_i__- 5 Jt^II -_jL'_/jJI 

(jl jj— J.I . « jJJjjI» ^___l ^_4_j-JI Ijla (__i__ (jll a!j t_jljj___ j ^<r (_____« 

^MY jjljjj^ £-____) _>ljj L^ILa (_L_ J__>_ (_,_JI jLijjl cj>_-.j (_1jI ^IUo 

jljj 4J^_ J_JL__J (OL_iJjjL_JI *L-jt JSi i-iCu ,3Jj_v <_ 11 , <i \ C .l-a-l 4i>-jJI jj_J 
<j--) 4_^L-_____ 4-jJ_j_>a C____J_>t t ^ ^1V j i.<i "°ijj (__j . CjjUJl (_3 f_^L_w fr L__9 
(tL_a_ jljj (jjj ^j^o (jL^—i-l (jl__ii__.j C>tt _>.j _U j__jj t jljj (jjj jJ^"! J^J-—* 
4j>_ L^^j^jjL^I ^j^ >MA/\*/U j_jj| _____! J*. 

tj\ Jj-3 J-*— Jl Jj->- ^J^J ^ >^J^ C___i__>l t \ MA J,..l_»i.ajJ (jy^J * fr L__3 jljj 

-t-y__ Ji}\ 4j_-jj_vaVi 4 nli^inlt CjLSjJLI <__1j1 C_l_ .j->L_u <j-3jVl (_1J _j-*3 
(_l_j tUl^/y/U j-jj C__l_1 ___Jlj * > > jiJjjl ___, j___!l _____ J^j-L^JI ____ 

(mVW u < ** < ^ 1 U \ t ) \ r jiijjic_^-_j^j ( ^L__ jIjj4j>_ La__, 

j__*_JI __J1 Jj-u-jJI <y_ c_l___ ______ \T jiJjji Lot t j 0 1)11 Jj__ojJI (_a 

(_fl 4_J_Jl Ujljj J__J t_u_v LajIjlb CjjLcj t(__l J_U_ «^i ,i.i 

CjLSjJLI C__oj J-3j *JJ—UI J_jj^JI (jlSLa 4j^_Lq (__; ^jL^Jl J_j_»JLl t?Lya 

■ ^-.^lUt) W jiJjjt 4_j_-jJLI -__L_j ( j a (_II Wj Hj \0jU jJJjj! 
III c-j_Uj t j__-__J1 (__JJ a_j__ i> __- 1 l LuU___ 2lUj j_i-1 y_*(UVY/U/V 

.^_>j_JLI - L^__»ljjJ 4_t_tJjJLl jj_*_uaJI (j_<j Li1j_>-jl_i-i 

0 \ 4J_L_ 4__wjj ^.Jl j t ; CjL^J, -.j-L-ajJI LJj_dJI : Micrometeorite (o) 

. (_>.J_LU _ 3jlj->JI JL_UjO — -I i _.J (jl J-U_ (j-4 (j_3J_fl J_>. (_gj" 



£_J-vll _^L_ SU_> Qfi -__XjJ| 


t^p _>_jjJ __-_jj__JI L^k>^' ^ (--=■ lt-* -Electron microscope (1) 
Lj-_- L_jl nf I <j-_4J -jLjj_SJjU 4_^L»__Jt f*j--J1 0' - e Borgile Jj-^jjj 
_>f <U.n ,J _____ *__U_ <__!! 4_*L__VLj .*^___JI J__ '4_j_*jJLI i£n>Jt ryi 

jjja j>£&> j <^v°>1 OJ^ S- J - : * J . 4_^L___JI ^-j_-Jt 0J-4J (_J*fl,1t __>. ^JLl J^laJl 
__<} _;jL_>u (_jj^___JI j-_^_*_jj JjI tili _»J— >• ♦ e j__-Jt ■ n . __fl 4 U a 
_po 4__~j_>. 4_j>.jj 4j _ ^i_l- _ 1 1 j_4J Lt j___u JL_Jj t^jJj --*"■■■ -II tjj-SJI CjI- j < J -O-i 
4 t m< _ 1 4_«j_s- --Luajj .4jjjJI (__!] *j___J1 (j-c LcLuui (J-lJj _jLjj___JVI 

•__>j _ Ji-b tungsten JL_u *L_J1 _>_- _____ 4_L__J^j 4 — .Jjj — ___JVt 

4_1jU ,,.t Jj-_u !_-_ _jLjj___J _1 ^t t iii J_>ojJ t__J_ J_*JJ ._jLjj___J}U 
(*jjjj . jj r_ajl J_o___i ^LL_jj 1 4.n t.J 1 4_j__j i__L_j JuJl ^__s_j __-J1j i j_J->JJ 

*vacuum *1>_-J1 ___ _jUjj___V1 ^L__i j^ _jl _^jj_l_JVI j_^_>JLI J___J 
___>_ *lj_$J1 ___ 4_jji_ __UL____ _J1 JL____M _jLjj___JjU _>_-aj V __j_- 

<lr\ i ,.t jj ^.Ij^JI (j-~ 4_L*J1 4_j_oj 4_IjU , VI £j-_~_ 0__JL1 _;j_*Jl J_Jt__J1 
j_^_>JLl Lixi 4_j_>J1 _jLLj__J1 _y____t _>__4J — ■ _JJ jjj . 4___ L_— _jLV iri - 

.(<_>. J-JL1 _ t1j_-Jl ___5 _>Lt-J _)1 1 g <■) V -t- UT - i__IJJ__JV1 

^__U1 __jjj_-_J)/I j 4 y\) j-4-w :Scanning Electron Microscope: SEM (V) 

Jj_a 4 1"lSJ . 3j___L_- 3jJ___J j-i,,„>SU (--1 jAj-A-Jl jt cr --lriM,tl S-J^J-J1 

__L___S_«j t__Ljj___J>U _-J-4J -jj—a j-_-- 't--jj-J.I ( _jj j >___JVI j_^->JLt 

_JLJI j 3j-ijJLl __Ljj___)/t _L-__ _)L_5 *j_^JLt 1j-* (J--J .4_i_Ll__ 4__J__j 

t-t-oi-cj jl *(3j"-- 'j— 7 *— ^f - -jLjjj__-JVI ^___i— * (j_- _jJ___j jJI - _>_u___J1 
£_____ _>__ _ 4jj_»L_J1j 3j_jL_JL1 _ oLjj___CJV1 _)__ _)L__^_ Cia iljj . 4(j tJt 

_J j_pe_j -j-jL-JU oLjj__JVLa t_v_»L>J1 detector 4_i_vL5C JSJj --.j «11 

. 4_>-j ,_*i o _jj__ ^—9 4jjj_JI _jLjj__JV1 _ Jj_— jj L_Uj <4 ^urtluKO __j__->- __j 3 
4__jL_ 4_jjjj-j_J| jj-_— ♦ _-__ Jj____>J1 4jj_L_Jt _L»Ljj___JVt _J__j_jt je_j_jjj 

.^_>.jjJ,1 _ Jj__»L__I1 

_^jj_SJV1 j^>JLl ^j-k_L_uj : Transmission Electron Microscope: TEM (A) 

CjL j^__JMJ £-_ J_4 (j__ _)jS_jj t4j_j_J1 (jjl 4jlj_j (3--L-J _>__-_- _r_ _3jjJL1 

j_$j .__LjjJ__JVt (j_4 i .Ji> j_»__> j ^_i i __> > ^ j__j t_jL_— i jl._11 <■ ji^a ^-U_jj 

(_k. Sj^>.j-.1 4.m t.H <__JI J-_u _}f J__- 4_l_j__JI 4__vJL*J1 j__C CjLjj__JVI 



(Jb-* -1 ) Lt-^' __Ljjj__tV1 j_j<j_j ^jj^ I __L_-J-C . 4^jjfcTua 3 rrwo 

Jjj_*_u jj t*~\ \ I Jj,_s______ jLg-_- ^ j ^j j . 5 j j" < 1 1 "Sjj____> (JSLtiiHJ 4 * jU l j—}-^ 

.^jUI - 4jj___J| cnUL 4£tjj| J_L_. _--! 4_^jj_SJ)?1 Sj^u-JI 
J< ji^ 'lij *3jjL» ^ j-«j l $ <j"^ j< /^o ^j^jb 4£ul^ Oreo cookie (<\) 

.^jJUI _ _fjl>J1 3 j mi> > L$l« (jLlol 
Sj__U- 0 ,,mUL_UI fL*-HV1 ij j : "<i -- ^ ■*•■"< ! :Magnetotactic bacteria {\ * ) 
L^Jj-c jlaj cBlakemore j>*£>L> -jL__-jj lSjl* ^Yo |»L J/^l 

oliJb ^Jl=__-__jj . |_£ji- --jjJua 4_aL_~ __£) _l->-jJ ^n**. < n~ 

< *ilnr^ > "t _ juj___. *-_-ij--4 j-a>j _(ferrite) __jj-__1I uLu___> _>>a -JL_-_1__ 

4_vjj t^jJLa- Jl i t ) 4_u_sj_M 3j-CJI ' *j ■ -^*» ^yilj . _. 1 njULUI JL-*_UJ L__5j L-lLh 
__J! £-_-_- L^j__-J1 .Jut>j . — • j>- _).,j<t*1j t___]Lo--Jt <__J__aJI (__ij___» \ g . »„1 t 

4 j ,i. jUt ;;u ^ y_t 03^3 .ltht <Vi <> *l ■ ' --i < 
^ L4___^L__ ^j^Lua iC-j_5-jj_>Jlj c-jj__JI _>>» Lj j"r<.,il1 magnetosomes 

, ^__>*j_*J.I _ Lu^-aj ___Ij__/-jjL 0 Lkj____3 £-Ljj < tj_i_____> Lj^S l j.i ii-w Y * _ ) * 

.f_>j-U1 _ *(___£ J< ^r- ^LUI t-_j_L_JI j /i<11 :Uj_ :Doubting Thomas (U ) 

" - jr 

>M_i_____J *i,L_u _-J1 ^jl-j J4-C (jwa _oj*- : J"->-*1 :-jllU1 4j____J1 :Masterpiece (*) Y) 

t«4 ti ,rJl ___> ^Lljo» 4_jjjJ ^_jL___J1 4_J__1 _____ JjJju-* (^.U.njJt ^jj^— _JI (-_*) 

^ „ I» 

.^jlil _ __lc _*l jljJ-JI ^yi (_-!-_ jt (_i___ jjI :4£j__J1 ( 4__*_JI iSjuljJI 

JL*_, (___ l^ t.i^j jl__ 5jL~ ja ^uljJI u .,jUL--11 : Permanent-magnets (^Y) 

j^Jcu Jj n 4 1 q j _3 L4J L__L_- I j 1 11 j^LliLa **_? LrJ__o j jU" ^jj ^ ^9 ^ , „j Ul '_ « 

£s_t_jj . (__!__> "i/l u 1 imU L~J-JL1 JL>JL1 ^j-c _4_J1j1 jj_st_4j \ j uujULi-a LUL__j 
__JL- ( jjJ_JI jl *_jj_>Jt _____ Sjjl-JI) SjiLll 4__,jUj9 0 .,jU1 iiolt JL>JLI Ijla 
^jya 1 ji o *i 1 11 a jujl>J1 0 i.mUIJ-UI JL>JL1 o^i9 •lO-* > ^ 4j,h jULlUI jIjJLI 

4 j.r.jULUI SjUI L-5-j_3 2jj_>.jX1 4-_lJ1 J-J-j>J j-J_C J_>j-__J tL__ft__s_J (jl (jjj 
.^j_JLl - (^Jj ...4 UrtaD Jjj^a jLt_fl ___■ L*jj_wj j| 3j|j__Jt JiLa) 

L-jM ___p- _yo 4_i_3_i_jj ( 3jL>JI dLJLL ^jla-U :^3___L- ; hydrothermal p i) 
^.J! 4__>.L_--. j j r _)__, 5L_j__>J1 _____ jjL___ :____lj__. _ :Anaerobic (^o) 

.(^__wj__l,l _ (j\ -r 1 il<I 



. California Institute for Technology : CIT ( n ) 
Light Amplification by the Stimulated Emission of Radiation: (W) 

.<<_>.j_UI _ 4I-II ^L_-_)M CjUojLj *j-__J1 pjV ( >T> ;LASER 

. Laser ionization mass spectrometry ( > A) 
4__*Jj 4jL_. <____ 1m,JI 4_L-Jt (sabbatical year) iJ___Vl -.Sabbatical (\\) 

X_U_) ^jL^I L^jl L__ >J ' ^ * 1 1 J . 4JL__ £-)L_j J_> (-Ij-^jJ ( &Lfl J_3 J__C.) ( j_aj}U 

jl 4__*.jJt jl 4__-t jU *4 m» ^jL^j 3^ .(jJI ...4 «. aL> jl " 3_>L_, 
.^j-UI _ (sabbatical leave Ll-_j! ^juj) ___*lJI 

. lnterplanetary dust particles (T * ) 
^ ^ jl_> " , a\ oli i,r :3jL&LjJi y 4j_»jL___jM cjUjjJI : Control samples (T^ ) 

,^vjjJ.I _ (^j_>- 1 oljL_o-l ^-L_i 4_*-lo ^j-a J_Cl_JJ ^j_*_j 4jj_»o 

Sj_t^_iJI 4_ij_5__Lll ^j-^jJt cj! j >^> V <\_* : Mickey, Minnie & Goofy (TT) 

. ^>.j_i! _ ^jj-i cJlj L&j£_uI ^-jJI 
.^j-Ut _ ^_o_lJt ^ l__Ji (jw. ^j\_x :Microsecond (Tt) 
.Polycyclic Aromatic Hydrocarbons; PAHs (Ti) 
^ j^jjju ( (UM_ UT<\) ^LU ^Ll*j£ :Friedrich Kekuld(To) 

.^>.j-UI _ ^LxmSJJ 4jjJl>JI 4-jj.jijJt 4_jJ__J1 ^ujj 

t p W _ ^AT^) ^jL_*_ 4jurtf j 4 iH.ni ^l j^l <-m>.U :Segmund Freud (H) 
.^jjjl _ psychoanalysis U i,M\ JjLtiJI 4-ajj__> Q Hl rlJVQ JJLJ 

.National Academy of Sciences (TV) 
4j^Ut_« '.^yJjj-^j dj) "»lj . « 4jj__*o :Michelson-Morley experiment (TA) 
j_*9 Juminiferous ether ^i>>U j-JiVL 4_ijL_L- ^j^l 4__j___ t ^ l ~r,< S 

Cuj-j>- I . 4-_Aj^..LrJt _jL>.jJL1 J_4__tJ (jl ^j-sjJL-ij c-_l____J1 (___ ^jJiu J-___j 
n') ^ii ttj jiolj mij « ^Ju ^-k. ^ AA ^ ^Lc O^JJ-J _r- ct^J^* 5j_JJ 4_jj_*_lI1 
J 3" <JJ .5j, jr"Jt CjL^jJI (___. c _Ij3_ J a3 pj miL mjj a m£Ju ^-k. ^ AA V ^Lc 

interferometerjj_lL--jva (J_*.tj_JI ^L_La) JL-j_a ^l ji_i_J (__J__ *1 j->-VI 
JjJ_> juj-j__J ^j_u_JI J_*.Ijl_JI j-aIjJ_> ^j_j-."i mi" 3bl jjtj iMichelson's 

.(C-wj-UI _ ^Jj ...jL_-_jV1 J-aL_oj 4_zw 



j_*j ( _^L_____1 jt j__-LJLI ^lj r - _jL_-l :Re-direct examination p) 

L__j ■ ^ ^ J *4j V <j'V> m iI (^jJI _>__i____J| J_J_ _><a -jl ^j^ V __jlj - -" t n i 
. ^«_V_)__U _ J_nj Milt ^ilj^.",..|t SjLcl JLuC Clj-p I jj>sL) (J-*-J L*_i_) 

JLa jjja ^lj_j__i___1 jt jj_^___J( S______l___ SjLcl : Re-cross examination (Y) 

JJ-4L) (J---J U_l_ L_oj-____j i^j-ljJI ___} ^j _LjMi" -J jJl Ji_j--J' 

.^_>-j__,l _ j_u/LJLl <_jtj-y*< ( n _ 1 5j__| c.Lul Cjj_£__ 
j_-L__J1 Jlj__? __>___* cjL_oI j_bj t j. j„i_ __1 j? ojJI jt ._>_-_U-1 :Rebuttal (V) 

.^_WJ_JL1 _ Lo 4jL_1^J L*-L_ 

,,i<TV1 u _>j__UI _;jj_I1 _>-___>Jl iLuJl tDeoxyribonucleic acid; DNA (_) 
___ _jj_ _>__ .Ul^ ^Lc ĕj__4 JjV LjJI i rt mi " .4_JLJ-J1 _ljp _-_ Jl-^jj 

_>* js ____5j t ^or ^__ __j_j .mr __j_ ^t < pi _yLo->ji j_jjj_ji 

LijJt p ln" n .4_J_>Jt J_-1_ ____j . LjJJ ~-j_J>JL1 jj^-L-JI V_^P __jj_J jj > uUlj 
J_a_>_ _y-Jl _— — '5 i_jLaj__j^oj^__J1 _j <i < 11J L)jJLljjjj_J1 _j_a 4_LljSi __L__j_a ___! 
4 j 1 jal _>_>La_vt 4-_jjI _>>* -jLuL-ia _yi _)j5_jjj i___»Jl _pL__U 4_jj 1 jjj 1 _j__u_J1 
. ^_>j_JLl _ C jjj j."ll-u 1 1 j G (j_ilj_»J1j T _r-c--J 1 j A _j_u-VI _-_> 

.Electron microphotographs (o) 
quadraginta 4 uj">UI _>* 4_ ,1<H J___i) ___> <^1t j_-*__>J1 :Quarantine ("\) 

j____b _^_3___ _>>a 4__jl_aJt j-_-1jjJJ jL-t___| _j__5 ___bj :(_>_juj1 __Jjlaj 
_>-j 'Lojj _ * ___b j_s__*JJ 4j1 (f - VI _j__JI C-jLSj tL^JL-J -_J-_-J Juua _>_3j_a 

. ^_>-j__ll _ 4 j <i 1 «rJ t cj^ L>. Lla 
___j___wjJj_J_j 9 ILi 4____>L___ jj : __________ ( ____wjjj___jjj___a :Morphological (V) 

JSLi ___i i-.-r n *L_-Vl (_lc _>>i _j__ ^-.i-j - J_L__JI ^__c ji (morphology) 

.^_vj__11 _ L^-uJjj oLLJJIj cjLI jj_>JI 

CjJjjI JL-J . JuJL_fJl 4 1 1 n . H i ^ H j 4_»___J1j 4_u_JjlJI CjU-lUinlJ ^ t c ijju__11 (A) 
i_jj_*JLl __-v__wV1 lL_u__J1 f, t V" . < .uLi_- ____J t^Luoj-JJ 3j-a Jjl - 1 j U t I 4____. j_JI 

. ^_ZWJ__11 _ SjL_J^/1 C<-C_J IjJ ,j J ,., lt .L-J JUu L<1_L- {< CajJjj Lg j J_LI__ )) 



.^>-U -cr^l lSjj-JI tUjJI -.Ribonucleic Acid; RNA 

jjtjJ\ jL-aji ^jJh] -.^j g<Jl j ^ »11 J } 4 L-4 : Precambrian ( > * ) 

.^j_Jt1 - ^uJ^II 

4 4_JiJlj 4^u_L>Jl ^j-JI jl_Jj_ 4,Uir otjjL-HlH <i , :Mitochondria p \ ) 

UjJl l^Jj '^JUJLj 4j_LL_Jt ^Lutj 0 „n nli CjLIaj- ylr! 4jjj_, JU __»$_ 
Sljj 0_-»j-_.j_ajj£jt jj-_J ^jJt C_U_ jj_ J.rt" , njlj t L$J (j_3__-Jl DNA 
j_4 CjUL- __!__ 4jjL*Jl 4_J_>Jt (_^j___>uj * jJ»l 111 ii 4 nlt a ^--Aj *4_JL>J1 
<_-i_- (Jj-JLI j1j_u>Jtj 4. t-^Jj-Jt j-4 J_£ <j;j__>_!j . tU i.oj-U.1 (__-_■ CjIjJ.- -"tU 
4_jJtj_x_>Jt ^tj_Vl .-itrlj ^L_____Vt ____ -rj rtt"1t JM_J- j&J ,Cj1jJL_-JL-c 
J-L-o ^-JL-JLj t^jJll (jtj-t-Jlj 4___uj_Jl j_« oljJuallt --«Jo V *_fj_>.Vt 
.^j>.j_Jll _ _____ _M 4-p-U j_o __tjj___t,t i^jlr. (_£jj_>u _-Jt CjLLoJI 

monomers jl^-Ij^ j-« 4jj_U s_ju_u otj-ul (___. cjL____j-LjVt :Epoxy (> Y) 

. JLa___Cj_u'_'1 4_n L-. ^ 4. -ai 4_uJ*L_ 4J_L- JSL-u j-u_M 4_£j-4_~s_a 1_$j_- Jy.-""*- ■"- 

t jjj M.tll jj-oJt Jjtjl epoxy resins u ,,,<j-uyi oL_*J_tj J_o? _j-*_j 

(____ JjJ-LJljJ (j_jj-->Lo jL_uj_«Vl _d_j__-}LJl 4jcLL_o 1,< i>J *(^<o Jju__- C-j**- 
J_-L_j J J-L_- j_- 4-jlc. ^L-___- ^----jjj^I t *L" 1 ..J»L (j-« £j_J ^lj-ii-t -Jjj 
«C-JjJljt» ^jLatjJl ^$-_/_*t C__>u (__u__>jjjVI CjLcJjIj C->-jlaj . ^Lu^S 

IjjL^ cjL^-iTjjjyi c-_^jJ_ *4a.uVl jjL a_j___ djUUjj > <U1 <_L_J1 
.^u>.j_JLt - > MV ^LJl <___ 4____V _tj_ i -' 3jLt*_JU __LVjJ1 Ja 
t-Jlj-». jjJij) --_5-^^ Lf-M '"1^1 u.-kjat ^Lol jl-wI :^-e1jjJ1 tStoic (W) 
JL__uVt (j_4 jj^cJb jl Lj-jej ^jSL>J1 J>-jJ1 (^^'j *f**t3 * f^ 

Sjjj_-u_Jl ^SL>J j — 4J0 j-j-c (j-« ^—-^ l)^J ^>—^l jt (^j-— j-^--y ^J 

, ^_>.j_J,1 _ jjjj L-cut (j-JJ»JJ . 3j_wL_J1 

j_4 L^-A___t m.Ij .cj Lj - o l I^ jjJI 4\L_-u_-_ _y. Lj j "<.; (j-ui>. :coxiella (^ £) 
^jJI ( _Su^_-«Vl (^ jJ j-jj. "< J 1 j-aj _ (> ^ • V ^L-c jJj) (j-iSj-S jJtj__t_. 

JLvl L. tj << H IJ t<tP- J-^-C CjL-Jj__i_4 (___ L$£.jj jSUj Vj .3j-4 JjV l^-LU-J 

* j_j_' ___>->■ cj jjl_- ^ys - C. burnetti a r, /<jj-J1 4Jj___£j_JI j_kj - L^_.lj_! 

j_Jj i,j->1j__I tgjlr j^J-u (_jt jj_ (j-« 4_u_(Utj ciil j->JI 'j '^ij (j^» j-4 jAj 

jt iuU__4 jL__jt jt (jtj-t_- (j-u^j»L_J1 (j_jJ-> j— • 4_i j ui.Jl 4jLu_»1 j_L_j 



_j£_ol<>6JI 


_j___i ^JLuj (Ll>.jJ^_ij ___.}___ - a\ t^.* . .. y JL_L>.I __)L___j ^lj^Jt jjjJo /_>__ 

4_>-j_- _-_» IjUJui LcLajj! (j__tj-C.Vl J o j t| -_-tjL_jl Y_Y (_>-_j-U 4-1 

4jj is\s 4____j1j_ itjujL___ L__j___j iL___uL L__.lj-_--J i4_x___1jj ( 3jlj__>J1 

(jjj ^yi c_JLiJ1 ____ (^ia jJU u n m,jj t _£.i i< <__L$_Jlj (_£j->J <-jL$__JIj 3- j t o , , j 

(jj. JL_JJ _>-» jJU Sj-_-_ (j_a j m nj 4jj_j__>JI CjI.L ir>lL £-J*L_*JI (j__J £J*L__. 
j______jj 4_aL_U ^LLs j jr 4__CJ (j'^ j i 1 1 Jjl j ^LaJ l_JL_4>j tCjL-uc.1 < >>ll Cjj J_>- 

.(C_>.j_Ui _ ^ljdJI _j-_*J ^ jrUj < ,,. «1 1 _____ 

3 nl _ <tj<11 cjM-cI „iH £j-«-_*_~ j__ (j_-jV1 jl <_j>L______iiV1 :Metabolism (\o) 

4__LI_J1 j_j_j_ ^pJlj i_-_>J1 (jj___11 <j_« 3-j nl~ 4_aU- JfC Ji-b CjJl-*-! _-_JI 
.^_>-j__l1 - 5,UJL>. 4jj i>ir -.Ij-o £_-l_____j 4jjj_>J1 CjI j.Lotlt «LcjjLlt 

j j « "j tlY.AA ^y-jj^l 4_jjj t YY ^jjJI 4_*__j _s j_J__ j-_______ :Titanium (H) 

1 >"< , n") 4_Cj.lui< Vi n.jj t4__1u CjVjl__4 (j_dL_i_jlj) 4_JL_Jt 4_j_j 4_jj 4__s_j 
(___UVl (j-lj >i j<J1 4 rtin"<<l t 4__j___I1 4-JL-J1 CjI jjL__I1 *!_>-».? jj-e-u _iu_ _-J_ 
. ^j__U _ ^j^LujJI ^_-_1 4jJ__ (Jilolj W^O ^Lt Cjj^j}-* (jJjLa 

~jJI :Straw person (W) 

. ^o_>j__t1 _ 4_*_>JI -JLA Ji_4 ^JL_u _y<-Aj ^juac- jl *4_jg < ,, t 


cjLj_£jJU (jya < ni jlj-£»i j-A _£t j__> jujj-JI jl jujjj jKj-JI : nucleotide () ) 

4 -a.u j-a (3Jl_-L__) 4 j,l_ _ > jj__) 3jl_-j _--Aj gj<Jt l ^ u<jJ ^l-u (_y-J1 4jj____jJI 

_^j_j_< 4__i_cv_fci t " >t L t ilC jilt j . Cj ______ j_dJ1 ^ j ^ ^ *j CjLj_-___J1 _1__->Lj 

( 4jjj_J1 (j_aU_- >U 4-uLLJI Cj1j_-jJ1 Jlc- L_^1 il .4-pJI CjL__L<_J 5 

,^c_>-j_-lt - 4_uljjJl L> __iLj-_v>J1 -_^j->- __J- j<i< >Ti (___Jt Jiljil _-J-j 

cjL_jj_j>JI (j_4 3-_i_HQ_« (>a _j_-_ l$i ja cr --jy a Vl ^__-«-->J1 :Amino acid (Y) 

4_Cj__w-*_-*j (-NH^) 4jJL-cL-3 jJ-L-at 4___j_^-_« ^ 4jj_____-_J1 
4l,,,1 ,.,11 jl) 5jj .n r «_>-» 4__j_^-*j ( (-COOH) 4 g.-. Jj ...< j;j < 

^ ' * J-t-S I JJ_*-J ^«--J-JJ ._-_-»-- 1 (jrSp T- JSJ 3j_L4_4 J-i-". a"> ^y-Jt (4j_uL>Jl 



gj jaJI __Lc 5U? qc i A ciiH 


^ ^ jl_^__-_u_ ^__ J___J- L_-U Y' <ji VI i4____!_J_J1 ____ ^JLl^! ^-^o_v 
.4__>JI __.L_.__JI ^-L.ajw ___i 3 _j_>. jJ. I <ini> ^j-Aj i_j_LJjj_jJ1 (JjJUcj ^ ^ o^- 

_>_-■ L_$__>.Vl _»JL-_> (j_~t ^ * j_-__j ^j'nn"t ^«.ii ^JI — t_o V /(j l ... '. yi ___)j 

^ L^JjLd ^jJ_j i4jjjj___JI 4 jm ~V1 (j__Lx___VL _. o ini __JJ jjj . 3 jm „ Vl 

. ^<_>.j_J,l _ *l jJJI 

<-Lc _J__i _l ^jJJI Ijla 4______> cr.^j ; \ \\V ^UJI ^__ _jL__J1 I j__ ^_jL (T) 

. ^>-j-J.1 _ _gj.M_.JI ^jJ-oJI U,t a 3j_a_I< i *,1 n* J_l_>j_J1 Y * * ^ 

__._ j-i^j 4_j j-i j n ^> T I 4 \, iir\h\\ ___>.j_>. j_*_-_ :3j_L_>J1 tRedwood (1) 

4jL__j^_j _jL_i_>-VI _yl j j j ^ ___ <JjJ- ^J-jlJJ 4_j_Jj___:V1 1 j *'jj ^ j tl *T 4_jVj 

•^j-Ul _ fjl 

.Ribonucleic Acid: RNA (o) 
<*____ ^Ij <JL_iJI <______■ 1 (^-Ul a suai ^j <.JLJ_J1 _Mj :Gaul (1) 

JLjuj . L_JLJ__j1 JLo-_Lj i LJ_U t__jj_Cj i \ *Cj y\ i _yu *1j___. Ij 4_JL_-J1 L__JjJ_ 
__jc1jj gA. 1_*-ja (__- (jj ui j .tj lj-L_J iCeltiC 4 j"1 ,,J1 (j_-L_>-Vl _y» JLiJI 
.^->jJJll _ * jV_jJj I _y- 4 <_jU L^_v__>J ___Jl JjLl-JI (j_-> JLjJuJI __I1 piuii< 

juLij (^---L-- '.(^- .3 11 _ *i * •) _>-j^jj (J—ijjI— . ij-u-j^ Gaius Julius *Caesar (V) 

.f_>.j_-L1 _ J__ i.^ .(J Hj i\ _-_«__. ijAJ U LsjJ JJJ__Cj_ .__j_4JJ (Jj____C 

.^j_JLl _ «&2_vS_>JI 4JL__J.1 _>c» dl___VI _ij-__ 4j _1jj *____ -.Redherring (A) 
(( <( J _,jj^jJj_' J^ji» _,<i hjJI L&o-Jj ^j-^LVL>JI jjj>. :Galapagos Islands (<\) 

( jj_1j_SV1 4jjj g o yl ^_J)' J ! *L_j_) ijjJjL^Jl iUj vl1 _5j--j __ii jj->- ' 
(?j__ j_4____ij i 1_j>JVjJ _J_ jjjL-jJ Lq_j < tin , 11 1 Ju ____ ^ OTO ^Lc <, 
_j_3jV1 3L__3_1_- _ys L <J J .» " 1 . . , n*i j J.g j-b 4_jjIj_a_kJ1 3L_j_>J1 4j1j-i_ jj->J1 

l^j? j-T.t-j __Jlj ^(Galapagos 4^L__VL lg o .,i1j) L^ 0 7.j.»"i ^-Hl 4_3>U_*J1 

jj\_>JI i?j__ --j^-uil J_SJ .<j^jV1 j-^lb ____ jiwl (___>. _pl<: (j^ JjJal (jlu-J 

L$_Ulj_p. c_.a_.L_j t \ATo j_LJt (__j_ (jjjjl_ (^LLajj-Jl ^JLJI L-jlj UjlIc LJLc 

.(<_>. jlLl _ u tjjUt l i_jli*_jV1 _>£. 4_jjJ_j jjjSo ___ 4jjjjJI 

.^_wj_JL! _ ^jl_ ^.«cj archaios 4_uUjJI _ys ( ^ * ) 
jl 1_jjl_-_j- V 1jjl-c ut-L-ju .3 -L^j^yi 4 j ^LjJI ^Jb :Bazillion (\\) 

.^j_JL1_U_Uj V 



J___t cAt^l u^kje-' *(^oi J V "i) ^j^s ^lh! -Enrico Fermi (\ Y) 

j j ^ ■ °> - rj <>>j-lJ 4_~j^L11 - , ''^ ljjtl _-Lj-1 jjJ_> t _^Ll_jJ 

_^L__J_)/1 J_sL___J1 < jit»"i<lj tsubatomic phenomena 4jj_l!1 jjj j-aIjI-JI 
Jo^-uia-A J r 1 1 1 1 m" a _5jj-> JcL__ Jjl ._<^ /:.! Lt^ ^-ijLjjGjjjJL c____j___I1 

j_kjjjl 3jjl_>. -e_L«J __<-_> t ^ ^YA ^Lc fr L_ij____JJ Jjj- ^^L^ ^-^j) * 

mr *___ 

.^j-JJ - 4jSLjj--^1 4_.LL_J1 Sjl jj J-_ _>o -___>___ ______ ^J-J^ 

<j_- 3 1 m . \ ... ja J ...1 ,,, ",tj ^jjJJI J__L___i___J1 :Nuclear chain reaction pt) 
J_C J ĕ " <__Jlj *(ijjjJI 4jj___M f\ ... rt'i<) 4jjj_J1 __ Ij !_______ 

jl j ^ -._.-M ^l- JcL_j jaj ijjjL-uJI ji U ,v.VI ^j^- ^jL jjjjj-j-i -J_»L_*jj 

jj-_- __jj jL______ _m tJ , <__ji -_u_m _jUjj__j_uji jjlc 5 1 ,„ 1 ___.__; i_j 

(4jjj--JI -_>>Lcl_ai ___» JL_>JI ____ LcS) \ ^ 4jjJIjJI __>Ljj_j_l_J1 

-r<_>-j_-ll _ (AjjjJJI CjIj jtt rt"iH --"-^^ -*£) ^ _j_o 

.Handbuch der Organischen Chemie (U) 
__JJ jj___JI (_--c ajjL_fl -__J___L__ 4_J_>. ^j ;^jj Lajj <i *j *_Jjj1 '.Spores (\0) 
_>__ ___l__-__ _JJ_Li ____)j ._£j_-i -_oL_uL__ 4_JL_j ^■La_i__f1 jijj _yi _>-L-> 
£___! (___»J _Jjjl ^ x_-J-u (ji ju_' 5jIm,Lj L^--- Lr^-i *gametes cjLipsUJI 
J*1jc ___* CjL__ysL>J1 L*1u ■ oi-w^Ll! jjL<"H J>aljc ^Ijj"_'I_ . I jujl>. I jj__ 
-jLL__J1j (C-Ljj UrtTlj i Ljj.--->-v 1 1 1 J 1 «1 _yi £J jj _M ^jJjj . __ mi ', -vJ 1 jJL__Ji 

^jj3___)j 4_>Jj-___u1 -J_»-j_4_. 4_j-_u_i_j 3jj___j -Uj__j___J I ^ljj.?! JaJUJ) , » I jj___>J I 
4JL_- ___ Lj..j J1 _____ -l__3L_>JL1 ___ 1 1 nlj c4jj j "< Jl a\ _ ^Jl 3jjJ ___ 

J_q_3__J| -_J Lc. 4jj_jj__J1 ^Ijj _?! _j_o j j"<SJ1 j . 4_4j^Ls j-j-c L_ajjJ__J L^__bj___ 

.^^i-wj-JLl _ ^jje^JI _ys CjI j_L_» _LftJ L^Jol ni 1 JjLlj j I 1 ^ ,< ojij 

cjL^jJI _-._) lj--_-__ V) ___j_4j ^yjl j_>.1j _yi _JiJj_x5 ^_sj :_jjj_jj__Jt tTrillion (H) 

.^jJLll - (LuUlj L^Llajjj ____) Ij_Oj__} )A jl (L___jj_ej 4j_oj_a_ , l 3jlj_IX1 

4_^jl___Lo <____ t ,U<i *^ «3 _> _>JLU LLi-_-.i _-<> iu-j ^LJJI __jjj 3j-_*-_- ; Milky Way ( W) 

. L^IjJ _ys 3j_>lj _)k<i miII J-tJ _--Jlj) if*J-_*-J1 _ys SjLjJljC L^.^* j-* jj£— 4_jjjjJ_- 
j-jJt-Ji ,_ya ^UlIa j-J-C »_, ' ^ J_iJ_*__- (_-->J t4_JuJLll _jjj-L_J1 _ya 1 3 <a__J j <i_"(_l„1j 
(jl_J *3j_>J,l Ji-lj ^_i_ (j-aj- 1 ! jl (*^J _t^J) .*L_____J1 J-JC Siaj __jJI 4jjL_J1 ( t <-r ,„Hj 
. ^_>j__U _ 4o>-jL>Jl j_j_tjJI CjLajUia _>__ju (jja^rtj La jJlHj l^jjo^nj _/ _j^j_CJL_Ji 



_>_4 ojj» io -jji ^ . ,. ^1j_>.i ____j c-jLSCjj-JI j_>-i :___Cjj__1I .Planetesimal p ) 

. ^>.j__U _ _____*__J1 ^L__iI1 f.j__u _ya _j_Lu« 4J_-j_« <___ Cjj_>j L^j! 

.^j-UI _ csj^' J______JI _>--L-) 5j_>-j j__ jLJI ;Bar (Y) 

Jjjja j_L-t n • \ £-_-j_ij ( 4-j_o j >-4 i _ , l jjljjijS^ 4jVj -_«_-_.-_- tJ _i__ iDenver (V) 

. ^_>-j__U _ j_*jJ1 -f U, u 

YAo* £-__j_j 1 _____-_jJ1 -_j_v«L jj_1j£)M <jjj^4_>- 4_<_i__L_- tj-jj-^ sQuito (i) 

. ^c_>j__U _ j_*jJ1 ^J-u-u _>_- tjjjo 

j-s-Jl -J___- _>_. L_L_jj1 fw-J1 ____.( j__ t-J-jj J+>- Mount Whitney (o) 
*>-_--J1 £____-_>_- l*---* iiU C^Ih* <4_jL_J1 _A J1 _j__*__JJ __A-^-jJI 

_-_Jj-4 1 _-_*- jjj J_bj t( ^ A^l _^ A \ \) __r<JJ _L_L__J_>. ^__i1 t 4 ( II j 

.^_»-jI_U _ L_jj,-j1l_i ij-^jJ 4j_wjJjj_*J| 4_ L_ I j _l> j 3" I 

L^__l___jl ^-Lj __-!_>. t _-J^1 JL^ |*___ __-_.! _j_4 *_jjjAj_1_- ^Matterhorn (1) 

.(C_v.j_JJ _ 4oj___jj w.itl 4_JU_uVI _jJ_>Jl __i_. ^-_jj i I j_Lo - i VA 

subsoil 4jj-L*_JI Jj-i 4___1jJl 4jj-_JI :44_*J_-_-I__Jt 4__i__J1 * Subsurface (V) 

.(C_*.j_JJ _ 3j___L_4 

_5o r _____ jl j o " ,»iL -jlLc." , -______> :_j__-aj___JI _Lc-_>J1 ;Permafrost (A) 

.^_wj_J,1 _ 3, l <iTr"i 1,1 4.j iU nfl ,3__mi _-_) (j_>j -'1 ^ - V - ' " C__«_) -jjLoLo 

.^jjII _ 44J_4__J1 4 nUnll _-_I__J,1 ^__ _j_>.i _)^__ :3jlu_JI : Siberian Tundra (\) 

.^j-J.1 _ <.\±\ -j_>-jJ -jL_.1 ___.(>*) 
JLiSujms^! space probes ^L___-_J1 j_^L___4 _>va 4l,nl,,,tjjjjLo :Mariner (U ) 

i^jjJLtj (_j_4jJI _ r __'lj__' t_Jj— _u i ". nl U l ^-Ulj ^ _______ _1jj ^__j V ____]! 

.^j_m_^VOj mY^Lc_nj U l _jU___j 
SLjljai --L-iO-ll _-!<- j_-Vt Jji _______ i jl__j ^ljdl 4_-^jJLl iOrbiter^Y) 

it L___- j|jj _jj_ ^ 4_j_Ljj_-1 4_uL—__i oLSj_- _>-__> _yj 4 L „ L ,r ___>j t 4-jj_<__JI 

,^j_II _) ^"Wj ) _jru Lo j_*-J1 Jj__ LajIjl, ___ rm^j __lllj 



.^yijUH Jjbelll jL__i_ jf « LUt l i Spectroscope (W) 
-.L^j-, __H ^Uj l-^hc , M£_3 t JM-^Vi ji-JjjaJt tDegradation (U) 

. ^_v.j_JU _ i U r (i ll 

JSoU 2_____ i__ljj__3ljjjJI jt 4_i__!jj_>J1 i_jjL>J1 '. Jurassic Park ( ) o) 

jL_*__i! 3jL___c _)_« Jft t \ a ij_*__o_™ j_____>l £-jtj t(jLaj_4_J1 tAmber (^) 

. ^_>.J__11 _ d 0 V.i rtl 1 JJJ-U__J1 

jl t 4__jj_dl jo£ 3j_U_JI fL_V_1 tUnidentified Flying Objects: UFO ( W) 

• f_>-j_JU -3>-L__ll jLL-l 

.ULUj! ^ljjui j-i__£(\rr\_\r<n) ^j^j^b Dante Alighieri (\A) 
.^>.j_JLl _ «4_^JVI LjLpijSLSI M 4.4-Tt.La u>L_i 
.^j_Il _ __J^1 _)L__>V1 >*j trobot cjjjjjJI __Jj 4 m.m ^tP^jjij tRobotic (\ \) 
Gas chromatograph-mass spectrometer (r * ) 
requiescat in pace; RIP (r \ ) 

,„1.1 j t j r i-_>X1 '"II -Mars Pathfinder & Global Surveyor ( \ ) 


i *V.t - 1 _ i -_') _ 4___u_is_L« 4 <rlfcb «L__iL» 4Jl_£j I <] ^ *< J j^a _)L__A^_<i t__J,L*J1 
4___y_u £_jjj,1 \n iju ' *\ -^" ■ -I _)_« LlX 4~ __jjl _jLl5w4*_?lj — jLJ_LjJ1 ^jj__j 
_>_<jLj«» (j^-jj— «J.1 _)_____o_Jt ^y.t V "„<___- __jj t 4___>-^L~ ___>jj ( 4______i_ La 

. ^-— >.j__U _ 3jL_jV1 ___ajj IjJ ■ " JJJ^jJ ■ " JLji__»j «jJJjLojL 

-.LL-l-JI 'cr^>L l jj-^hbj JLj-U tMars Global Surveyor: MGS (Y) 

:^jjJ,t __J! J>--jJt £jjL . \ ^l/^ * / V ^>U__V1 ^jjL : 2LL_ jJL 4__>L>Jl 

t r . . r jj^ji __jj \ <m ^jL.* : j__Ij__>ji ^j _j1 ,u r , \ w/ <y \ \ 
^uji ___,jji ,r-i jjij_^_J! r * « r jj^l :_.ll_ji jl__j| d.Ur 

"^^' - <J- pfc 

._^ejjJ,1 <-__.t jJ.1 .Mars Observer (V) 


.PhobosI&Phobos II (t) 
Professionals' demons (o) 
.^j_l! _ <_-_-__- o^j^ *k<H Oi^- Lj^bM' iParanoia (1) 
Jet propulsion Laboratory: JPL (V) 
jt ^L-SU (3^-3 ^jJI ji -__-__^]t « i» : L_i__l j_cj_ij__Jt tTopography (A) 

J » '" ->j) l— a ^s_J_il jf £__£> jl 4j___]___Jt CjI_4-__JI «(_j». 4_j_*J___Jt L4-I x> i _J 
. ^_>j_JLt _ (^eJI . ..jj___>J1j (jj__Jtj jL^J-Mj CjIj-i.-»- Jlj 4jjj _Mj --tLua^Jl 
j *"i i ii Ij t ^ VV J-JjJ - ^JJ^» (J*"-^ £_J->' cr'! J^^-^^j _>"J-* (^) 
I^ T t ^-t JM__ ClI uj\ Jl9j i j i <a "iu,,i YV ^jj ^L_*_j l__$_jI cr^- 4"mfl,-> 

i<Lj__i_j_ , t 4___>JJ 3jj_i_o (__JM"\ (j_<J j----! \ji i 4_>sj_j_-c jj-J-i Y , "\ 

>L-uL>_) > Oj _ Sojourner jJjj_>.j-__ ^ >,,U _ «Jlj_>Jt» ^ 3jj____> oo * j 
-jULo ^j_4 L-j-l_. j ^LjjJt (jj_ 4_tLj____j __LLuj i^LjitjjJLI jj_fc___l! L-L a-& 

.^_vj__Ct _ <j___L_JI 

oLla <__» jL_i_>_J Ji__ :4__j_1 jl u >>> J4 ■■■■Jl t Floodplain p * ) 

. ^_v.j_JLI _ jL__uL_Jl aL^a l^____j ^-lll -UjJ-M (j__ __j_jI_ J^ i->i jt ^L__uuaJI 

<vallis Lat t j_jj__.V1 jlLc L_ij__>Jt -JJ j__ jjjl tjjjl _;_lj tAres Vallis (\\ ) 

,^«_>.j_dl _ <___'1j__'l ju-I ^rlnni <____ £j-~-« jlj j^k» *valles L^j__>.J 
.f_>.j_JJ _ __lja__J1j -^jjLlJI oIla jiejj LL_j ____ 3_uh.ll 3j1j-_t j\ i3_uii!l ; Sinter (^ Y) 
otjLu_JI 4__LLu_ j-^!j-4 tjL_t_j__-_LA 4j _"jj __ojj_j_ 4_bjL4 tDetroit ( \ V) 

4_cL__o _-L_j__u j— i->I ____J * jjjjj-- Jl j-L>- 4_Cj__u j-_»-« L-4_j_3j 1 4. _t_C jj_- V I 

,^<_>.j__Ll _ 4_j_Ljj^a _M CjIjLimJI 

ji t4__ojj T*\ jt tj-ljJsl T JjLu Jj__J1 _>"Ll__ 3jl_-j ___> 3_jLJI ;Yard (^ i) 

.^U>-j__l1 _ ^__» ^ S , i i 

.Mars 96 (> 0) 

ol j_ _ji1 Js^Llol a j-A (^-jj-UI gl m 11 tBaikonur Cosmodrome (^*\) 

. ^_>.j_l1I _ 4_uL___Jl 

( _4_3>LL_jI J^ 4JL_-jJJ ^jL_>a! pu.W j__ <«_j _ t-^SJU oL^ tPlanet-B ( W) 
cx_____t j_3j _ 4-l_LLlJLj Ja^I _ Nozomi _--«jjjj ^L juu c_-l^c_j 

(^Jl J-_-_ Jt L4J L____ie-3 ^j-i 4_! ^uCj ^-icj t \ ^^A jj>i i-u- Y * ^jj Jjl_JL 



^ ___-____:>U _j1j___ _jjt J^b jucjil 1j_A (jLa fLc <____ ^JLI 

^ 1_j_-j t f Hd"mn 4jj1j_U 4-^^11 (jl _^}L--jl juu __-*_- _Lj__. oj_sjJ1 

. f_>.j__.1 _ T * • V jj j <--.mj_ __JI _4Jj__aj -U-J* J>J J__3 -JUjJj *£J-j-i1 

.The Martian Chronicles ( \ A) 
.^j_ai _ o^j-J _>___J Sju__JL1 tDisorienting (\\) 

ol ■ <j— j- _-__ oLj-^-^jjL-jjjKJI tChlorofluorocarbons; CFCs (Y* ) 

L^S-I ._,_j^__-_JI U/---1 t> oL_^L_JI j nr Vjl Ojj_U 4_ul j o.< 

^L___. __3 L__»j_____j *4_u__il 4_JLL*JI ^_jj_>JI juu £__Jj _}LL_j __ic. Oj liilM 
4___J_» *____ ___ < t i i >m"i*i L4-I , i rt" tjj (jjUttl aerosols oL_~LJ_jj jljj____J1 

.Gross National Product: GNP (Y^ ) 
^Sjj *(1j-~> AAIA) ^LJI ___ J-_>- __icl t c-__j-__1 (JU^- <Mount Everest (YY) 

«^_^j_JU _ _j____JIj JL-u (jn_i JjJL>JI ____ 

f_JL__cj J-j ,„lj * .( WOAW) J__1j jJlj-ij-. .Bertrand Russell ( YY) 
_j- _5-l ^^-^j __-_sLjjJl jiU Ul _>_. 4_LL__j jq~i~<i\ t_jUil I ___ (__jL__jjj 

.^j_J.I_^0' f.L_. _.j1_VI ^ Jjj_ 3j-jL>. _-_C Jir>^- .-fli,.*iH 


.(^-.Lj^ol (^l-I j ,,, ;(U"\o_U*^) ^LaI j_ji <_Jj_-_J Abraham .Lincoln (l ) 
_>__ .(U^JA^)L_ JJJl Vl __l____U _jLVjJJ j__-__ _v-_L_J1 u __a_jJ1 
• (~>_>-JLI -3__j___VI _-»Jlj 3j__Jl ^uji>jl oL-jJI __ic ujj->J1 

Jefferson Davis (Y) 

^-LlV"im»-1 J_>jj_i I&j^ ____*_; 3 j_ «t» :4liL__l1 4____ji1 tUnion shop (Y) 

(j_fl J___*_ 4 — 1,1 rnj— <- «C_J» -4_JL*_C 4jL_JJ J_1__J1 (___>.__(__ _-U ^_JbL__JLj 

-__LL_I__1 (___ (jSJj ^1jl__i__j_1 L__j___ JLuJl __LL__ _;j__j __!1 * >> --"''Vt 

Sjua Juu 4jL_U1 __J1 Ijj 1 <m'o (jl Joj-ii (jn_uL_u j_a£. VL_- J t.__j (jl L^^L-o 

.^c_>-j_J.1 _ (3 J_c Lojj Y * ) 4_jjua 

National Academy of Sciences ( i ) 



gjjAJI _-!_- SU? __ usuJI 

; 1_!>L__I «J4__l » __. Jjj_J1 Jif __£_-! , V 4jV1 t4_>_L_-JI _jj__ (o) 
j_-1j Vj * (_!__■ 4JJI _;j_~ -j^-j^* J-» >*J <(«J-c. _)jIl_J1 : _____ JL__ 

_o <j j "m^ Jl 4JL_ t^JUl cjL-j j£ J~^ : Jj^J •j»j3j J_-*j J_- 4J__J _,__ 4j 

[no :*ij___jt] 4cA^ lf u'^ 1 o^bf> : Jl_o 4j^j ( j1__ji 

, f <■ - ■* , ^ „ »* * ' a * ' £ -7 

(jJ J-JJ-^- JL^J ^JLJJI 1_U_ 4J-L_ c-SjJJ^ : %-_ « Tl jL_j ._>_-_! _y<i 

<jjJ JL-9j VI i.f 4J _jjXL_JI ^yjt—iajj ^L_ jj-j *_>4^ 4 rt*nM : j^iiU-^JI 
' ' ' v ' ' , ' * * - * * - 

OUL_iJ : _J--- ^>-3 ; o-jV1> _>_>Jl oj-L-_JI ; o»\ ) 
: 3jl11_ >Jlj *lj__Jt JL_tj .^1 YjW l>JJ-j (j_o j*Jj ) \ :[_jL_j_J|]^1jj_u 
4_L_}LLIj _>->Jlj (j_jVI : ^sl 4_JljjI ^__j ; J_ *j (j-4— _. SjL-jl-— ■ (oJL—lJI 

J_«j _>a _-*^- >~ -Lkj I ^JoaJI 1ju_ _)_* i^*JL_ : ^L^l— JUu _j . _r_aL__Ilj 

(jj Juj JL_j * LuJ,LjJI ___ o) c.t..<\ L.U (jl L__ ; u mi r _M JL__ . 4___L_- 
._)>jjL_-jjJI : *}L*Jl _>j jj-4-c __>! J>fl ^j— tjj ; (jjjajjjil ^Ut- ;^_I_il 
jL_j , (j_j -M 4_v} L>_ --jj J j J_ : Ll_j I <j^Ll_ (jll J}__ (_--*-« J~J 
. ^L- LJjJI ; fdL_ __1 j m.c 4 Vti a") Jkj j2 4JJ (jj : 4-l_4 (jj <- — bj 

L^3— ^ l>* ^4---' » — -^' 0?-*jj^ ^ o! : Lio-^t - v J*'"' 

(JoJl oj^j' <(«JL_ (Jj! (jjjL*j tjjiLJJl : Jjl_L» JL3j . JU-lj ^«JL_ 1-4jj__ 
^-il (j_j? (jj j-jjjJI i^jjj • >-»4Jl (--i. _kJf uj^jJj cj- 

^3 Lljj £j3' j^J^ — - j iJyJ-^i "» f— — - U— ipJL— jjJsJl : JL-J 4_jJ_JI 
-4jjLjJ (*^_Li. t(«JL_ 4jl 0 1 ri p^J __1 4jjlj J_" 

4J>_ 4JoJji ; jjjw^lj 3>— — -« j-J J-«L__, 4_iV ; Jlj— Vl djuk ^__l JjVl Jj-Jlj 

L-AJ (_y=»J^lj <_ilj-*— uJt <-jj JL_3 uULLll ejj Usj JL_> : JL__ 

(^i- Jju 4jV ; 4_4>L_1j ^JjJI (jji jj->-_S» j_ j<u [VT : p1jJ__Jl]4—a_4Juj 

.Sj-^lj Li_J1 ^4.1 i___L>. L, J^^LJI : JL_j^I_VjJI JLi \'jk .*jL»>i 
_j_ Jlj ^cJLjj'- ; ^^___JI J_ Jj L» : ^Juilj 4^>__lj ,JJl ; J^l JL_j 
: j j l tk JI _;ju (jlt JLa ^L>-j (jf j_"j j__j ,~4-_>lj l_i_j ( 1jjj_4j L_J_- 4J <jl 
: jijJI JL__ ; OrOLLJI L>j J_ t 4_JI Jli [Uk : 4J JL__ ; a_ jJjjl 

jj-il I jl _jJL>JI (jL_> tCy i-t L J_ : JL_3 S >>J1 ^5j_ ____-. «jOLLJJI» (jjij 

i^jJ.1 (^-i— L.cl-3 jl— i «L-jj» ^yiS L-___Itj jOjJl j>*J .jjt 4J (— OJJ V ^_)J_JI 

,^_>j_11 - (j-u_* (jjl jj 1 --i" (jv«) (jOL-Jt L-jj j_4> (_;| ; ^.Unll _J_ £_3jJ1j 



.f_>.j_JH _ A 4j^| iJ___JI ^Ui-*-*^ jlstjj^ 0) 

(j >TI ^ i» i miU^ 4_j_j_4_JI _ j __Lj_LJ ^jlJUI __jL____I iBible (V) 

.^j-iu .(j^yt) _oj-^ij t (5ij^i)^jt__i 

4 _ Vil l mmjj-JI _>__L__I _;jl_-J ___ >_____. ^Um.Ij^-lJI iProtestant (A) 

.^<_>.j_di _ _j^2'"^ i 44- LuU ij 4_ju^_y_c 

( )*\ j \ 0 (jru j--JI ___ 4___L>. .-.U.y.j -j<jT j".I < 4_*__s_4 i^iMrtitl 4-c^L_t_a (^) 
. ^_wj_dl _ 2nli\j q\\ 4_i_il__aj 4_jJ_5j^JI ___}Li___tl Lg " <i (j a 

4Jj_ «t_j» . 4 )g<U 4_A3_£__ c4_iijj 4_^3_1_- «i» :4_J__I jJa j j "< 11 ( Theocracy p * ) 

.^_>.j_dl - _>JjJI JL>.j ^__-=>_J 4j_-oI__ 

ipMUAAl) jjL-j-J ______' 1 4_*___lj ^jU j<j c„ iChko Marx (\\) 

(jj__II -jLjJ-u^-j ____) Cjj^" uil 4_j£xJj__I 4jJljjhj_^ 4__j__S ^_-j i_^___jLa 3ji- _M ^j-a 

.^<_>.j__l! _^ ^VT ^Lc <<_L__Jt t\ __>.)) ^___i ^jjI jl_j i_>jj_____ I 
i(^M_UAA) lJ-Jj.I _-J--o_M 4 o inlj i^jL-™ ^jjLa iHarpo Marx (\X) 

. ^_*-j_Jl1 _ 4__j__II ___ 4__l>ojj3 j_\.j ili ^j.ii 

i 3 "■ jjj ^jSUj 4 o V i^ __jL__i_- __Aj3 i_jL_cjjjJLl cjI nU iCrop circles (W) 
t L"hn^ j_a _iL___*_LJ 4_j__s 4Ji />__ jJujj} i M__- -t_a_oJl J j_a_- _) jii 3jjL__JLi 
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frequen- cjIjj ()Lli Jji_! 4^.^ JljL! 
^l __jL.jjj___J1 ^ L^iM_u i ; * (j^s >i ift J_.f cies 

.(^yjjJLl *jju_JI L4JL0 (jjSoJ 

fhfrared 

^lj_4_>JI jij-i 

i(J ^jVlj iSj^jJlj OjUa-C t4 , 1 11 0 i^tl ^STIjiLII 

' 1 ^ ^ ~ * 1 j — ' * ^j^- 1 L^J_i J^pj^"jj ,»jjt,lj 

. 4^jL<a_*J! c_-_Tlj_£JL 4jjL_L« tLjitjuaj 

Inner planets 

^IjJI c^IjSJI 

5 J g" t.1,1 ^LumSUI jl 3L_l>JI jjjv jJ (j.*___VLfl jj_L 

CjIjIj ^^Jjc ^ i 1 a j j r i l—jusj m -N.J ;SLj__>JI jj->-j 

Inorganic 


t u ut ' * ut 11 j»littilt <____• <____"lj£JI t>-> J-mi..,"<.« jL-«-c 
_Uj<jOI 2uJ__jVt £ya 2jrt^-3 

Interplanetary dust 

_ r __1j_at j^jL__N 

(jj jl fl J— 5cj L^_Lo (jj-»**'J tjl i itl j-^ cIjLjjj-»* 

Jf 

^jaUI (>_i g-l in <\\\ ^jJI C-JS Jl^ L$-f ~e_>.jJJ **(Jj->- 

♦ ^L_ujV1 4-LaL-JI f>*'ilt L£>>-tl *-a>LJ1 j* 

Interstellar dust 

^j_t_J1 j\j jL-JI 

. LgjLj^"<Jt j_a jii^i jl 1jL>Jj t_JjL___ 3jj 

Ion 

oje' 

. t <»<Vlj JLjJLshJI tliljj j-d L_jL__f jj^JJ jJiJ 

Iron oxide 

JLjJL>JI JLu___1 

. OJj-i_CJIj JUJL>J| dilj j j-d L_/L-_ 1 jjS>-\> jJjS 

Iron sulfide 

juj_>JI (_u_jjj-T) tjnl.ii 

. 1 o i <t n\ Cj Ljjj j_J 1 jJlc ^^ylr. 1 ^ r o J_) (_£j__5tj 4j>! 
1 jJl__ ^j->-> L$j£J i4 iii j <nii 11 ^j-o "i.m (^JLjJLj 
. CjLjjj£JV1 j-d 1 nhV a 

Isotope 

(JjjJtjj i^j-Ut ^UajJl <_,__ 4 T<< 1 1 4j j< t L-_-M 3jL__jJ1 
_£j " * » iLj ^jVl rUm ij-^-J *(*b ' CT^- 

. Lj>Sj jlijL Y , Y jl>-IjjM |»1j^*.jLSJI 

Kilogram 

ijJLo cJJi _£jL__jj '(Jj-UI ^ LL__JI ____ JjLJI _»jl»j 

.jjjli^ * ,iYirv j? 

Kilometer 

.4^j_>JL 3rt1r<<t 4^LL 

Kinetic energy 

4_b->Jt -J-Uo 

j.g. <>> 4 j >J-U U^JljLlj L^jIjjjj *__3 __t_jjjj-__ 

ou gja ^ij t ^_4jJLi 4 t aSu _j__*ji iU-jji 

. 4_L5t_« __u_JI jj^J *b-*-*Jl jj-_ 4-*---^M 

Light 

*j-__> 


I_jIa1__jA£UI ^ J j y 


^lj dJL^u ^Ja .j i>itl 1 ^ *U5 * tl 2 aI - ^ll 

♦ Luj_oj Jj^j o^JLjjj "\ ^jLuuj 

Light-year 

c-cj»o jJlj i^j) j < nllSJI oLjjj__> ^j^j 4 j < mL^I 
4jjjb_JI cjLuI&I l_sIju__1 ^ljJij Un) L_JL__ **U1 

^j.-,< miILSlJIj Q^Jj5JI >1 i in^\ ,_-j-j q-* ^J) * ' " ILSJI 

.j_s*_JI jtLa ___- _^*.^il 

v Limestone 
(^1)^1 >«- 

4*1* uU 4_*L__-J ^Ujk^I ^SJI <La fw„?J 4 , mhIL 
. L$__1 j-1 ^-_-<*-'» J oLjjj__JI 3jjj__> ___S 4-U-i J-> 4Jua 

Luminosity 

t^L>- i^jj____i 

jl ^j^l J->-1-> coj^j melted 4jIj « jj * __o 

.^j^L 4^AJI c-^ljSJI 

Magma 
3jL^___> 

OLcj— g.-^Jfl j_4 (JJ^ ~ J i jLJjL_>Jl uV J l iiL-tl (j_4 L_Jj_-L_> 
*U. ? ' " ^J^ (j- 4 Cjlj j t J O^JjSLII j-4 L_j|j j V 

jmlr L1I jl ^jjjLulll i— tljj jj^>*j l_JL_. 

. JotjJ_>Jl (jj4 

Magnetite 

C <_u < *<>. La 

i, 

4 t i <i i Inl-uLa 4-jjJULja l-jLj.<,_j Jj > LV *i > *j Ljj-_l__vj 

(j^dj^LI i » i ULuJll JL>Jtt l_jIj-_uLj ^ jL_3t_ZL*,-_jj 
.spatially Lj-p* l^<»<i'> 4_l>.j_J (jjLtll ^ ju_> 

Magnetotactic 

Bacteria 
^b__uVI L^ 
^ i ihKLuUI 

/ l^* * / -J- M-—_> i4___L__i__> S VI dL_L_>J1 7C_J SLJ / __3 '**'■* 

_J " , IJT^ l_/ ' _ V J ' f~_v (— J ■—•1-——— 

(j-sjju t(J _-jVL JjU ^LJ__3j^ 4_rr i n CjVL>J1 
^j-oIj-oj^U 4j_>J1 l__LljI_CJI ^l jj| ^-lojw j u * a ^___- 
* Ll>.jJ jj_v. Sjj io^ 4_lLoj 3j_l9 j Jjl*__C ^__J 

Mass extinction 

(j---La>- ^jol j-SjI 


■ 



Metabolism 

(j__sjl .i__>l (i i i (i) 

J» T cjr^ir riM jjLUI <;j t^y* j-LL-u g-j * 

liJ-^J' l__>___JI JX__- oj3j — - *L_jI ___ i-i 

Meteor 

L-Jj-iJ it-J^ ( n 

L_f.}LiJI j-J-C 0jJ>-4 Jlju L_jJ_)L J-JO ^j—u J_PC_>. 

M t t( 

Meteorite 

j V if-\ tl (]y» ( ]n t\ -V jt t(jjJ t-a jl |_gj ' |fldi 
^j-A LqJfc--V jJLud? jJ_>j .^..tp «*Jt Jj_>- Ju i^jJuJUj 
.e_-SjSJl jl (jjj Millj <_-AjjSJ| 

Meteoroid 

pj ' -^- ijjl-3 ^Jj-_H 
_^ • * 

(AhH 

4 Irtn*! £-_-__- L.^j 1 i IS^M^ . ' . "'tl » j J jJLc 
jl jd, (j-oj^/1 jj i f ^Jl-UJ t ^L_jJ____U1 (^y-S 4'd t * 

Meteor shower 

Jj— >■ JjJ-J jj-jJI SjljjJI _-Jj1 Jlll (j-fl 4__£j — — * 

/ l 1~ • | » ^ . 1 , , • * 1 t 1 *A ** t 1 

iMli " A 1 . S ^j.jl <*m i4 inrti jLlu.11 (____) (j-u <i < M 1 1 
- 1. »j ' Jj___u 4_JjJ*__c J_a_aj JLlC SjljjJI _JjL_J1 

Meteor swarm 
cr^ JtH *t-LK- 

(_gjl (<i_t^ i^j-lll ^l U ill J jUll <Lj-MjL__gVI 3j_-jJ1 

. Ljj_2u 4_j_o jj X\ , T V 

Meter 
>^ 

Ojj__swf i^Lj__j-_J1 ^JjJ 4 o Mii_>. 4 j o _M CjIj 4jj__>J 
4__jJUj 4 ui i JssuJI ^jJjJJ (j-uJ__T 4__1_T (___■ _-Ij -*1 3j_-<JJ 
,.A, ~. t A A\ .iULl^jji ^AAV _- . iAl ^ X 
^j_x__J| 4____ j-____, (j! Cjj__$_o!j .^yjjjpa Jjljjjj 
jj__£__ji 4__j_>. (_£J-4 _>£. j Iri itl (j-_aij 4JjjIj »1 <ri nll 

. £j____Jl c__i___ji__' j! »j i^i 11 

Micheison-Morley 
experiment 

- oji.iljMija 4->j_>_. 
LpJjJ^ 1 


■ 


<* 1 1 1 1 \ t **** 1 **<* 
♦cJLSLA^* . L^_4lj*cj^ 1 j-uLu Ljj.j i\j 

Microbacteria 
(microbes) 

™i i 1 1 i **<* ti 

4jj $ U Ljj j < \.i 1 1 

(<ijLjj£LJLI) 


Micron 

♦ 4jjIjJI (j-fl < rt 1 1 (J*« ^^^" 

«LjjLjjj^Lu» 

* T * . , . t . V * * * - ** 1 1 - , U". **. Tl **. ^ t 1 

J— f<u>o ^jj j n ' J ^j " 0 '1 f> t<r\) (jH^ 11 D J^^' 

♦LlJj-^ 

iriiiKy w d.y 

^LlLJI t-jjj (Sj-se-a) 


11 1 m\ *"_ ** 

lYlllllUar 

(j-A • , 'T^W ^jl uiJJ *j lll lJiJI ^j-A *j — >. 

. «LusjjJI 

Millimeter 

* - l 1 • J ^ t 1 1 A 1 . 1 
(j-A 1 «1 (jjNij^ 4 4—« i inll Jlj**j-J <_ i \ i ^ i ii 

d — lj i^_5jj l ^j — ^ — * L_ ^lj .1 -**-lj j. »^ 

. J J_JtjQ (_^l_L4j5j 

!\|ineral 

.j--£l j^llj j (jij CjjLj jL>uI 

Molecule 

t-jL_jj->J1 CjLj^SLa Jl_**.L-> (J.g-tJ 1 i 1 1 n i j__JLu_* 

.(cjt^jji) ajjjWi 

^jyS CjI J_4^J ^JL l J fl M«T J " <■ "j i4_Ljuaj VI 3L_j_»J1 (^-Sj 
.cIjLLjJJjjJI (j J_XJ <_-I-I1 4j H flVI (jlsL*3. jfl 

Monomer 

J^O^J J-4 i J ^_»- J_« 



JU. ^j-I-^J ^jJI ^ L-JI 4__JI ^-L-J-M 
* 4 j i j,flV 1 ^j^ol gjvVl L^-l3 LftJ i4jj ir>f <-L»Lljj->- 

Murchison meteorite 

(jji ni uijj» jO>->. 

jJI j ,^-sJI ^ISJL ^UJI DNA LjJI ___i j^Ju 

< n l>JI (jJJ < M miII Jn Vm ^t) c!lsjj_j (jt (j--*- 

tl i i~ti a 1 A /■ v a*4 a C~ 1 1 2 i 1 a r . t \1 

.(^^JUaJI) ^yjljjJI (jjLjjJI <^JjJ->- 

Mutation 

2j__J_> 

. ^ l J-I^JJ UU l_J -»y — (J- _«J ■*-^i>_w~ 

Nanofossil 

4jjjLj 4jj__>. 

* ^ 1 ' ^ I (J-^ 

Nanometer 

jj,Aj___ 

C-jL» jj-j i4_jjj^£ 4Jj___u <____; (_£jj_*j V ^Jjt ^imy 
Jls-jJ (jlajJLJj 4__*J *4jjo &\ jj ^ya Ujjv (jj^J l-^^J^ 

. L^J__ 4Jj_- JL_£ £-Jj_<-_ 

Neutron 

4»im _r~c. IjjJua JS» 3l JJ mJjIoo cHslj j ^j^a (jjSJa j_-ct___ 

a1 ~ ... t — Al*i^tl a i *tl t , Z" i <s ; 4_~jLj a_J A 

«CjIjjjjj j *> 3j r jt 4.t iro jt i4_uL_4J jl t4 ,t i iii 

CjLj Jj_J J-JJ 4._t, J—UI LT^J^ "■■ * < II ^—>lj j <--___ t L_U_L4JJ 

' ** * Ll Al A t | t tt A 
* k_V U *J Vwl *%»^-WfcjF M 

Nitrogen 

/*H— K 6 * ' ' * 

J___d <_jJL3tJ _£_jJI j tSjjjjO m^jj3 jjjLj Cjkj (jrtjljJ ^LoJul 
.4j_ojj V X • , £ jstj (_£? tLuj-u (jjjj^JI 

Nuclear fusion 

m£jjj (^-LctjJI) ^LaJol 

UjJI) (j-sfc.Mi5TVl gj3-U (jrtJj^l ciij-^l t>--«->JI Lol 
.(RNA U jJl) ^yjjjJI cijyil o-^JI Wj *(DNA 

Nucleic acid 



L jJI DNA LjJI ___- LJLuaj 5U ; jtl __iL_jj->JI jl>.1 
4__jjV| _jI-L-uj_i_-j_JI ^j__5 *DNA LjJI ^j . RNA 
Lol i^ju-O-lj t( j_ilj_>J1j tt jjjj" i intlj tL > <\ i Ml _--> 
4-ljiL ^jJI jjjJI l-ljJj Jj_^Ijj_JLj5 iRNA LjJI 

.DNA UjJI ^jruu_J1 

Nucleotide 

JLJJJJ 4 jL_UJJ___JJ 

Jjijjj^j ij-a ^jjS^Jjj iSjjJI _y» 4jj_i_jil 4 rtUUI ( \ ) 
. CjUjjjjjJJI _j^O ^J^I jl JUU-OJ jj^I jl JLs-lj 
<J?j" ^P-llj iBljjJl -______>. 4_lL>JI ^yj 4rtU<ll (T) 

*CjLoj-_jj^oj^_r 3jjj_» (_3 4jlV II 4_uj_*JI 3jUI _-1c 

Nucleus 

Sljj 

4 — J — Cj — _JI jl-LLll £^->Q 3 JLJJ C ^l J_>l £y* 3 J — s-lj 

Organelle 

(oLu__c 4j i'nC 

CjIjj ^-lc ^j_L>_ ___]! 4 nl j o j< II _jLj__jJJ (_jj j j 
_-__ 4j nd -_»_tjj_>. L$-t i ^_o ^jjJj j____j-> (jaJj-^^ 
.3L>JL 4__jL_tl ( j__jL__>J| __!! Lu-j! jjmiIj *(jjjj_JI 

Organic 

(^JJ__C 

(Jj_>.jj| 4-ijJL.a ^j-o l_)j__JL 4_j_c j_j_C (__j_j_) j_3__> 

spores ^IjjI ____ cijjjtij ^Mi ^LJI <__ 4j___j__JI 
^pJlj 13\ j "sll _____ 4J|jJ1 cjL-«M___JI (jjo L* j j r j 

_J_JjJ_0-^ (^JJjJI JJuJI <_-J1 _J_L>0 L^jt L_>-V t rtnM^I 

,4iL___*l Jji (j_>j Vl (____ -oj_>.j *L£t ___- 

Orgeuil meteorite 

4_i__L-t 3jj___ j ^jj__j t4_uKj| < nll jj__j__II (j^o £jj 
(jrit 1 (_JJ 4__L_i_3 2 Lj it>_3__cu__ _*)j (jjS il i ut 11 _)J» 

.fjlnnr LUj JL>JL>J1 

Orthopyroxene 

4J^____JJ_U JJ J J 1 

4___Uj__4 (j_5__j___>Vl (j^O CjIj j ___£ L £j__L_5fcJ j___ 

. 4jjJ_5 CjLjjLj 

Oxide 



<oLijjj^j 4__uL_4J 43ljjs 4_j^jl <J!j__-_>iJ j <rVif 
j! *<LjjL<j_i jl t4 < i ui ^..Lc. 4 Al" _»j__lJ__j (Jj___>uj 
j mi c ^--ul jl j r Ju_>-I jf i3 j mi r j! t4 t <n~ 

4_-__L_XJJ (jr\ 5fc_i n *sSM Cjlj j (_<l_-t L_i-**(XJJ * Ljjjjj u 

♦ 4_uL«-»J1 L^Ljjjjj-J 4_i_wLl___4 CjLkju j_u 

Oxygen 

.(O3) (j^__cu£Vl Qji CjIjJ l_j}Lj <j_4 U__Jl_U l_jLjJj_>. 

l_9^L__JI <___- L__JL___ 3_ij__>.jJl1 tjjjj$\ olj j ^j__-uj 

L_JL_-f (J-°J^I ^ tm n 4_jI <a — :*u i^jIaj^LJ (^j—^Jl 

, 4 lsci <__-}, ilt j>j_ 4juJjV| 

Ozone 

J <i " n fj\ ^jSLcj Lo ^jLSLa (j-j- SL-pJI ^j L» Jj-2j 4jjJ-_j 

j__-V l-u^jJ^ JL-UI Jj 1 t« ^jJlc i j_-*-T jltLc ^-Jl 

jj-JI ^o-uLj L-i-_u! l_3j_-_jj t^-, mi.,<i mJ) ^LJojJI (j-0-«-b 

♦ cosmic seeding ^-jj-CJI 

Panspermia 

JjoLi-JI jjjjJI 

. 4_ul dljj 4-^Tuua <^_-l-— -2.1 JLrlT ( j_»j_-_u -»Ijj 

Parent nucleus 

SjJIj S|jj 

LajI «*i t4__cjl j -»jj_jl__u 3 J 0 ~< 0 4__L_dj__v 4 — jjj 

^ « (Jj -^y-l 3j-fl JL_«_jjj l_jjJlj 4 j tI^ih 4 <i iln 

. 4_Lu_ J£ 

Permafrost 

(j;jlaj__-JI jl<j_>JI 

4_«_t-j? j! ^yjj-A *j---> 5pjj_i__» (__£> _ 4-_LJ__Jl V*i 1 11I 
<j-4 4_u 1 j JL_L_bjj j^ oL1jj_v ^L-jV _ 4 j-r 1 11 rih JjjB 

l^LuLSJI ^tt 'eUU 'laJi^JI u* 1 -» ^ ^*"» 

_-J 1_U I-JwJ 1 (J ^ 1 (JT-^J • t- l-S 1 J ^J^J^-W t-T - 

(H^S) j^JjjLl^JI ( J Ujj-L-C) JUrtL» L-..t.lj i4-L>JI 

r,U«i_r. l-J__! ^ (H 2 0) *UI 4_ulL (jJ_jJI JJJJI 

.(J^jVl ^Lc ^U ^-jJI ^J-L_-Jl J^-U-JI 

Photosynthesis 

(^LLJI) JJU-tll 
/ __j _____!! 



jA? * JH>- ^_s__>. J_Vl (__!_ 4 « ._*__- _J-jjj 
Am.^Jt <__-1j_J1 >_-oi 

Planet 

t 

£_u__ <_____. j_>L__Jtj ij^LjSLj l-__j_£J1 ^j^a i^) ! ^.m y 
.<JjLlll CjLi___JjVt _yo JuJL-JI j_a£. «__>1j£ 

Planetesimal 

4j__>jVl 3j ^nll plateS jcjLLuaJ 4mU.H _j__"j_>J1 

.4-) 4^UMitl l-^IjSJIj 

Plate tectonics 

3j n 1 1 4_ujjS_ 
4_ll__j_1 

J-* tS> \ C»L_Jj-__*. (jj^" J rtltt JjJ_S <:^J— ^ 

__ujjj ^-lll j i(__»t._j_-ji1) -- 1 j_4jj ji 1 _. n i n~\ 
oL_^ *i > t t ^ ijt JL_>.jjj iAjjtj^Lj 3jj > (j^t n 

. - ^ A .£t J 3^-L1LL_> 

Polymer 

J_*_jJj_> tJJ____4 

• u l t -_j__ ^j-^t ^j^Ji L_s>uji 

Primitive atmosphere 

^l-uJI ^j-Ol _i}UJ1 

£ , 0 (jru 1 « JlJLoj ^yljj _jL___>. _M J>L_- _>->j -1 

4 — j — £. __jj___i (j^jJI <r> _jJl J-— >J <C_J_> 4_L_j ^jrtJ^L) 
4_i__j>- 4jL$j jAj t 4_Luj (j-u^L V , A L? ~—>.j t_>— >j-t 

. JUJU-JI t -_™Otll 

Primitive Earth 

4j_ljL^1 _>_>j_1 

.SL. ^lt 5 , ,,. .^jJl 4_}L_J1 _H---d1 ^ jl__-1j 

J_VJ__ ___J1j 4_J_>Ji 3 JLJ_>- J 3Li_>Jt _)_4 (jj__uj 

jljJ_5_U1 dju_>Jt 5lj_Jt _>.<. iX 4j_1jjJ1 5_llt Lg__L__ 

.4_>I___J 

Prokaryote 

3tj-Jt (-jl JLj 

jl 3jl_>Ij _yo (jj£—J ___J 1 3j j X 1 1 _jl_ljj_>Jt _>_o £jj 
. 4_j__laV| ^j_o La_>- V 1 JL_^L__ _>jo j__> 1 

Protein 


^ijaJI i^ie £U_> qc i__cruJ| 


4 ,m\\ rya 3jL_-.ij dJL__j ^-Ju- |^jL>J (j-Jjl ^ i <■■■"»- 

«1 .i| , 1 ^!( . * ft( 1 ^*tl 
dljjlJ J i i/Lu_j 2 1 (jUj_iJU £yA JL>.lj J-Aj . J. X J fl 

,4jjjJl 

Proton 

.4jjSo j^ 2j-l>.V| JjwIjJLI J>L>. s^j^ 

Protoplanet 

^-jIJLj l <S ji> 

*La l___Cj_Lj > Uj ^tjj .jL-cj oljLc j-j- jj_La (joj-js 

.|^-asJjl c\ j J-a SjCJll 2j___A_l <J}L_3- Lt-aj -vj 

. 4l>.tjtjj 4_Lo l-j^IjSLH Jj-^ (jt (jSL*j cj»'-^'j 

Protoplanetary 
Disk 

^-jIjlJI (_-_i_ijS-JI (j__j-aJI 

jjJ^I 4_JL3t-i_o (jA (j.M ^C<J (j^jJlj t4_)j_XJ *Lu! (__-3 ^>-> 
♦ 4-uljJl ^jUJI Jjuaj jLJJIj CjIjLjlJI (j^a jii^i 

Protostar 

^-jIJLJ ^4->U 

t , 0 J__S C_-$_ul ^pjlj . LgjjSo 4 jUr J>L>. (j.-At"JI 

. 4 m ii iju^L) 

Protosun 

4-ulj-JI (j.M a li 1 1 1 

.djlj_>JI (j-__ 4_>uL_Jl 4-uLLft.fr II Ol jjt--H (^l j-u__j 

Pyrolitic 

djlj->J_j jL>- 

(jja CjI J >J (j-a (jj_C_uj . JUJL_>Jl ol J j nlto J_o £jJ 

. JliJljJI CjIjJ (jjn (jyJul jl 2j_ (_-J} 4_>LoVL .0_j_iSCJi 

Pyrrhotite 

C-jjJjjj 

4jjjJI 4_jj-jV| ^IjjI (j-tx»j 1 $j 4 ^ J---J (_-__]! 4 j.U *JI 

.(Jj_3-| ^ljJ? (^yJJ L^LaJj l(j IH.11 JjJ_*fc_U 

Radioactive decay 
^Lull (^iM.) JI>J 

.(^Ll__iVI JL_--1I ^-Ll 2jjl__ Sljj 

Radioactive Nucleus 

4,t..__.a dtjj 

, ___l 4jojVI jJLC 4. i < .1*! , yuLu-j ;aiej__Jt )Lj___5 _UJL>_) 

4jjjVl)>) {jjCA -t <m)?I Jj-56-I-ll J-4 UTJJ----1 J_3_4J L^JJ-L 

j£j (^-Ul («3j-)tjJI 4^Vl>>) 4_j_Vl jJl_C (^JI (( ( 4_uVI 
LJ_j . ^-cl t M.yi JJ-*-lU L^____ jjl_ JU-C 4JuVI 4jjjV| 

Radiometric dating 

(j_uL-_]L j_jjL_JI 
(^_-___ J VI 



^jjl l!*_jJI jlj tSjJljJI __JJ 4_L>VI 4jjj^| s ■ ojIj 
»*>Jm» <^t]| J___u JUj4 (^^—a—jI 


DNA UjlII ^j__-. l^iyu^ ^,,, hm ^pJt 2L.J.J 0 «tl 
Luj^ L*^!* Jf> oj£j *c^ J ,>--— 4 cr^LLs ^l « jJIjJI» 

. jJljlJ LbL__a « Lbl» 

, Replication 

JJ__ t jLuJ 

^yjbj *RNA UjJI {ja oL_1jj_j>.j ,11-3 » c C^3j^ 

Qja oLLujj-__JI t\ y \ 1 ^ j ^ ^jj ^^jJI ^_i_>ljll 

♦jJtj_>f oLujj*. 

Ribosome 

4-_jLlJj *|-J-<-uJjJj 

oLfuj___>JI ^Jjj! (>« oj^; * J-^-*-* j j 1 ^tiL)-^ 
(j^j jljJljlJL (*>-Sjj <DNA LjJI <jj-- er-"' l 
J*_>. UJUj <4_lj>JI LM-JJI JiJj a««-U __5U_jJ| 
^JI *dna LjJI ^ 4^ "U 4 .'-Jl JjL__jJI 
. cjLLujj_JI L^j- ^j*tj (_,_!! jJoLll 

RNA (ribonucleic 
acid) 

^jjjjl (j__ii>JI) LjJI 

Sjlj->. ^L-jjI ^jI Lo_£ 4ujJa jljjj 4 \ i <utl j^_ub 

tjjlj. inll j V j" oV j t 4 SjLjj __JI l__?j_-JI j____ 

.4_o_jJI jjjG (j-a ^jjJLj JlJjj ^jJlj 

Runaway 
greenhouse effect 

^-JJ^JI 4^4jJI j_jjL3 

4JjO J-— >! J—**f p "1 "K Jj->» jj JL) L 1 u n t j- 1, i 1*0 p 1 n *w 
C>fl'"^tl uLB ij^l 4-JLJJ t j w< > 4^1 j!i£lj 

.—JjlluJLI L^^jjJ—? j_j^« J^-- jj jlj 

Satellite 

£jL iJ-*3 

\ . 

( La JjL_u £__ ^yS C 1 i inj 2jL_4 ^j-^j C_jj_vj 3j_5__t_> 
4 J**jJlj tj-j^pl (j-A 4— j_A uill ol n iUTI (j- 4 ^ J^^ 4 

.4jjj__*JI jIjIIj i(jjL_llj 

Sedimentary rock 

4_uj_uj 5j V tr> 

^yJ— . La ^ <n (j^a l 3 <t~n ^ylJI 4_uj|_>Jl 3j__ 

.4_lj_wj 4_i_j 

Self-gravitation 

4jjI jJI 4jjjL>JI 



Search for Extraterrestrial Intelligence: SETI 

SETI 


Shooting star 

< A ^ 

<jj. t _LLi < ».T| C )ljJ w ^ (^j_i_>u JJ-> mlt 4-jj_La olj-i_- 
^ljAl <>• jl 3jl>Jj ^yJI 4_3L-_->)/L t (^uy.Mi^Vlj 
.CjljjJI l£>*^I 4juL__Ji 

Silicates 

CjK jl i n 

( ** i i > iijj t^^JJIj < ___> L jj j__J ! ^JiLo oljJLAJL 4 j ic 4___J__*JLo 

^LjJLI 0__t_bl ^^-jJIj (4jjIj__>JI ^-uL-aJI Cj L__L_S Jlj Jjl__u 
. (. m < ' j-JI 4__l1__JL4 LliljJLUI CtLgj-. ijr^^ 

Sinter 

a J ft\ <\ Sj I j__ tSjLuJ 

£-___3 ^lj i3«M.~ -i j! 41*1 i,r.«4 iU r 4JL>- 
.(jj_£JL (jlCttl ^a-jJI <-<Tr i,TI j-c-C 

Skepticism 

4_o_>L__j i4a_Cj_v_ui 

. 4_xj1 JljJ! ( j.u.<t uitL ( Inj-yrj t^-i&^ ^\ J_j (j_o»jJ_) 

Solar nebula 

(^.Lri.^l Mitl ^JJ i-uJI 

I-4J t^j n <l miTI (Jj^- JJ JU (_-J-Jl ^->1 r n-wVl Julj Q.a<\ r"if| 

(-_jL_Cjj__J!j . L$J 4juLJI jU_aVlj 2L_u___. L^-i-- 

.l_-£lj£J1 <>Ll jLt-Jlj «_-i0i"utlj «SjljjJI cdjLiJlj 

Solar system 
. u ^LJ^UI 

4_l-,--<i miTI 4_Cjjq->J,I 

oLIuj-fciJ (j£xJ JjL-u i 1 SjLa 4jI jl 4J_£_4J JjL-u 
*^___j-j 1 fl irnj J_^l____jj 4-tUm. (^JLc jrtWi (jt 

Solvent 

t—U-Jua 

£j-JI jl J__3l Lili-UjJ . 4_L_>J! L__jLul_xJ1 j_4 JJ-_*_4 £jj 

^JSUjj i4__4jl m..-< * 4_-j_Je__>j--t!^ 0 n%\ (___>JI 

Lc_l_5 ^jljJ-JI 

Species 

(>rt i^jJI (j-^l > .itlj 4____iljJLl ^ " "U 3lj! 

Spectrometer 

L-___J__JI ^j-uL__L<3 


■ 


i(JJ 3->11 JklaJI jt JJJ--J1 < mm L~iWy« Atl c}*. 

Spectrum 

_tjL_*J ^ UjUtE-J J^ niJ LajI ^U! ^Ij 1_o 3jI___ 


, jryLA Jj-° Jl -UjJ JSJ CjUjJJ-JI 


Ji ni <j^« i \ 1 (j <n 1 1 4 n <^> "illl dljLiJl Jys 51" < 

Star 

^■l_x5juVI ojA^L__u ^jJ-j ^pJlj <4_lj! jJ! 4__±_>_.L_>J! 


(jJJ m;jJ3 4^k~ 4_LL ^Lul (__Jj (Uj^j-a ___> _;j>J1 


. 4_> U < n J-AJJ (_-Jl m^JJJ L-w4 ijS—T ^_*_JI jrtit— jJ 


_►>- cjIj o ♦ **< (j^a 4jj_j- layered 4___L_J_> jj_"-____> 

Stromatolite 

dLJL! (j_ 2LL__>L_J1 JJJL>J| _____ (jn lt"| _-_J! Lj.,M^lt1 

Sjljja t c >-Jjj Lo jj-u-j 

. 4_jj_x_i__J ! Cj Lu-ujjJ Ij 

_ i .l-s-t^ d !-,,!< 


4___L_o 


Sublimation 

* 4J_L_i 4—_>-j_$j 


CiJjjSlll -LiGjjI 1 L____Jjj1 CjIjJ^**» j_4 (JjSwO jj- 

Sulfide 

(jx j *i <l jl JL->.lj-j ^ ^< tl 4*,-*- Mitl 4___JL___J1 

J-uJj-i-C i t V inl i ii 

.4_L 5t _J_Jl 4__>.jl! 4jjJL_J1 l_jLjjV1 


4_u! i ____J! 4_Cj^tJJ 4j____jil! ^j^kJI 4__LL_JI _>__-£ 

Temperature 

0"l . * * _____ ♦ -_>! o j i m <y\\ _yo 4-_-j_ J a_ft_ j0 J_wb 


3jlj-_>JI l___-*L__j i(j__J£» (j-ul i <a jl 4 n 1 U 1 1 Sjlj__-JI 


* ^J ' "> J-^ ^^}-ij->J 1 4__ LL_J! i U i <ijl-q LjjJo 

) 

. 4_JL*J! 3jlj->J! CllLwj J JUUC JJiJjJ (j"M t J ____. _>_-£ 

Thermophile 


3j1j_>Jl L___J| 

^j^Jl l * 1 -^ j-^" j 1 1 £ j. ^ j! - 1 * £ - ^j ^ j 1 1 ij 

Terraforming 

*_>_-jVL 1 $ i i*ri J-_* 1 ~c__t__J (-< i^cJ 

^J^I J___tl 


4 ji ujj-oJI oLiJjaJIj 4jjj_J1 (J^Lo--kV| j-« L-j^j-^o 

4_tii_. -*J-^*J {£3-^' ^ 6 ""^* 1 6*'^** ^ U^' 
. j^- 1 (jjl--J «4 iij a)) 

Virus 

(jblllj i(( L_uL» 4Jl£^J (jllt tllll ^LLuI <>>rtU jL-u£j-U 

(jLiillj iYj-^ljjja j \ j.ji >Lj_3 ^ew-i-ul 1 0 4 ji-r <3i-«->! 
^j-Li Lj_*j 4 \ <WA ^ l__c <j-*jVl i " rt \W\\ 

4_l5-jJLI <"< 0 \ n"j . CjI ji-— 1 ^-jl-_u Julj (J^jj igj "1 miU 

( ^ ^Al ^LaJI (J-ujjIjjI <- r ^j- t -o jj^JJ Y j-_l-^Ljj-3 
. \ ^A^ ^L*JI (jj-U-uj 

Voyager 
Spacecraft 
^L^ia^jII 

«j_^Ljj_>)> 

jjJa 4t i!uVl cjI J-ijj (j--> j-j-il CjI jjjj Cjlli Cj-jjjj-i. 
. Lab- 4jl_U (-3 L-piLLa j-A J_il L$_£J JLiar.inrt i iTI 

X rays 

4j_JuL 4-u^u-uJI 4jl__L/V| 



jj U<» L___JjJtl 


. jj-_-jL-> 4jusL^ udloJI ^Li ^ya (jj,j£)jJL£-JI <k>.j-> (j---=. J---*>- • 

.^J^j-oj i L-ujj_LJl_J 4jlxL>. j-4 c_JLl__]| ^ -4jj-_-Jl1I -olg-ili ^-JLc J <r>^. • 
(_-_fl L_ujj____J l__> i jjj_LLj-___ :CjL*-cLv lj_-__>L3t_>aj Ij-jIj I j_j-_-J J-o-C- • 
. Jjjjj-J 4jujL>- ^y-Bj ij^^ii ^Lr^h^ 'JJL^ ^L*-" 

l-JI 2LLvj» L^Juoj i4_j-2uljjJI ^>L-iSM ^j-* jjuJ 1 jolr Ijl iV< . n a J^-c • 

.«2L_L1JI t-jjj 

JUjjJI Jj-__->- t( _£jLJt JJ^ o^JJ «U_u-uJ->0 4jfllr CjL--Ij_4 £>j miT (j-4 J-J-Cl 4J • 

. 4_t-_uj-/i CjI tj i a (*irtrt^j jjl j_v ^-JjC l^ < a 
4j * o ^ll Jj-3 (j- 4 ^Tj j "-j 1 1 4 i in nj-x SjjLk (_-Jj£. ^ ^L-JI (_,_- J i • 

.ciil-JI ^ SLpJl JljJo 4j|jL>jy I jj JL-u *4j^jj^V| 4-t-CiiJI 
* jj^_*_*1J > f llrtll ^-L__ < In j i ii m jL*-« (_-3 (Jj->.| ju|j_v 3jLC (__---- J <^"v • 


jj__o_-_/ ^.JS ^wj-UI 

JU-M |*J_**jJl JU-C ljL^j) ♦ ^ 

4-jjj^jiJI j <i^> 4 ^jjj d T.' jJj • 

.mc^Lc 

4juqL>> i l^i U 4 (_-j3 £j-itJ • 

.^AA ^Lc Ljaj^JI 

4 ~r SjtjjJ 1 » j ■ U J_$__c • 

.mt_ m\ r Lc^4j^ai 



jll*->JI jljjc j-^Li . j 



4_c^j-jJIj < rtjtl_Jl ^ Mirtl 1 umj 4_c_jjLj _-*V"-- J ^Lc jJua J n -j + 

.-Loj-oM _ 4_uj_JI JjjJI 4ju,L>. t4_j_r 11 j-j_jj| <__j^jl_ ^_j_c_> 
.(jVI _____j ^Lc _^____J JlLo «< t «Utl ___j^jlj)) 4__*_a jj-*-* • 

i^_>-l — -llj iL______il j„, j . j ^ _)JL-C j_Jj___>_Ij 4 o *wjJ _____ l__j_-__I • 

.SoJoJI _>VL_Uj 
,-_u_>S_tl _ l__JL£_I 3jUj_3_j 4_ulL_JI 4_*___u_JI jjj_>u _^lr _3j__jj • 

__-)j tJI uLliij «^jLjlHj _____JI CjIjjj» i_j _____? ( nj Itj ___> _djl cL • 

«S_-)JXJ __lj__')) :_;! <; yjJj^A _)LjL___? 4_j _ (j_>jM---lj _>__L_uJI 

.(Y • • Y) «^JL-Jl 4_ji_j_II 4__j__JI»j <( \ 
_u>L__3__a _____ 3jj .VrU 4 j oUtl j 4 j jUll __VL__Ji -jIj m, c 4_J • 
if j-JI dlj^Jtl ^j Utl iLl_iLL_w <4 j IL_JI 4___)L_L_JI t ___jj_*JI : J-La 

* Li_w jj J-_vJ J J--C 

. ^/LjmI-JI _)jjj_^- <JJ 4_Jj jJI 4j_lxj_>JI j r^*r • 

4_Uj41_JI L_J _J_J_^J| _)_- JJLCJ -J 1 J 1 J Ml <Jt 4_JjjJ| 4_L_-4_>JI J-J-OUC. • 

.<Jj->.Vl 4-JjjJI 



j^A J£ j-Ua^o ___fl jJLuaj -_____£ i\nAm <(4___ ^jlU ^JLc» 

jju-d jlaj . ojjSUI 2Jjj . t_j|jVlj tjj^M j 4_aL2ill ^iUjJI ^«I^U ^__. 

. ) WA pUJI ^jLLj <ys JjVl jjuiil 

rtMI J_* SjL-J-JV _>-}Lqj (jJjLoJI JUjJj ^-Jl 4,1 miImiM -JjL-A L__bjL_$J 

<-Jj-SL_JI oljLjjJI c_jJL_w_j 4______>j l_JJjlSj <-L_flj___«_U £jJ--3 ^j u U*i 

; 4_*_-wjJj LflJ-!-J -4_kJL*j ^--Jl c_jLcjjl_->jJLI j-^j . ->j_-___>L_U 4-^l_-_JIj 

-__L-jIjjJI . c_>L-wjJI t_jj| - 4___l____ . jjjLj : ^Lajyi cjL-_Ijjl!I . ) 

0 L£_Vl ^jjL-^jjl^^tl 

. j-u--u ^JuC , 4___/Lj____j _ _i______l__il - *~ y\ :4 j r L ^jl-JI - Y 

«c-_l AiiU t <i a _ 4_o__jjIj____I CjL__IjJ _ > j VI - LflljJt->- 

. 4_J.U1I _J_VI . t-JH-JI H-^ 1 : i^JLUIj 3_u_Vl c_ J ____l J _JI . r 

.iilJI <<-__. 

I nj t n jJtl _ --j__u-U - (j__II 4-___i-al_3j JL-*j-_>_Jl ^lr : 2Lj___]l CjL_uIjJl1I . 1 

» 4 j j< miII jj_l__jij 4 jlj^ iV«tl jj_L_JI _ 
^j-LJI >Uj mi" i 4_L_i — l-_JL_3j ^ 1*11 j-jj-j : 2L_*1*JI Cj L_l_j I j jJ I - 0 
CjLj tnLjJI - (l_JUL_5 .51 j . >J I r ^L_uf) ^Ljj j^) 4 j * jjUtl 
i(^jL_*_II o*\ <jl 4-ul < n \V I t__-j(j__>JL <i "frVI d j ^ j ■ U" 1 1 

. 4_^ jj j-iSiiJ I <__)L_ulj jJIj 

j * 111 j_a _ 4_-aJjJll jl 4-a->j-UI - 4_l_C.I JuVI JL-__Vl j-ji-ll 4_l__-_-JLj Ls! 
I ijn *^ ->Ju--lj 4 j <^> V ni> 4 rtl*"U jL*_C,Vt tiUjL-Sj ^ j -_j -Li___3j 

.^L-Jl L____fljJI ^ Jj 1 J j__u__ j_a! |jL£fl 


3. 3 > j-iU Jl <vrSH (jjSS jl <--_ «4_*j_-U ^JLc» 3JL____ ^^j^jj 

. j ^'\ '\ I 4** 1 Jl v 

ijja 4 <a, 1 nll 3 ^ "tlj l_i_JL_JI _jL^1j "< ^>L> 4JL_oL_uJI <_< ^jJJ 

j____JI _ya 4 > ti V0 * ____! l^o^^. JujJ V! ^-JlC t^jrj <^> V 

43 Lc j-—-> J— luL_ _JI _>-C 4_a__1j 3 JL-lJu 4jj t m o j j£o _j|j t<U < "J-— U 
^jj4 3jj < ^ a 4-ir i tt \ Jj-ujJ i— >_f*j-_li iJ !__>. ^_ij *4jJ_>> ^ JUaj 4 1,j <i ft I j 
-ijj-j t i_)L__U 4_*L*JI 2j_-_Li 3j__ Jua J_jj U_T i4-j__oVl 4__jj l_j___I 
|_^j_ltl j_-_JJ 4jjL_Ul ir>VI ljL__JI _jL_»___t_> j*L_j! (jjJ— ■ (j? l.<aj 
ij\ _,_ jJ--JI 1 0«^<n V ii__LJIj <4„ o j-iU 4________l <-_!__>- __!__ 

3_LcL j*jJL« j-£-C ^j_JL>_,lj .__j__Jl IIL4J 4_L_j*j 1 J^So ^J l_4 4_4_vjj 
^J . L_-j__U j» JU_ ^ jl-__cVl 4JI_- ^ Uq> VI L-L-CJIj LJ-bjU^ll 
CjLjLuJI ^ «i I^Tl L-)__J| ^j__i 4_jj1- 2jj__ _§L_jI ^ yt J LJ ^— l— 

.<jjL_JI __^lttl 4J0I t~u ) 4 J 1 "j*jJl 

_ ^j-UI jl __JjJLI _ ^j___jil (-JL- jl_L___1Ij 4 7i ^ljll JL_- ___aj 

l^u^S jLu j 4jI .4,.mi fl.^»j __Jl L_jl, V n 4 — _J j_— JJ 3L_sl__4 -_j_-_3 
(j__JI ^--6 3 JU_-ljJI 4_J_JI _>£. _____ (jJj m< f JjU_cj 3___Lo ^-yjTL-g.lJj 
__Jl _» jl JL_L« <__— ___■! JL3_jj) ^_£ >l I o ^jl jLuj ^yloLaj __Jf j! .^j _-k _M 
L_jjj__C IjLbj ^jrj m .<a ^j 4jLa ^-JJ 4__L__o VL i( ( _pjj__' jLuJ 4j1 <i " 1 1 j 
(jrO_it — u_J {ja _ 4 — <j_j^j— — JJj 4-__JjJLl — 4 — t-J--. _*Jll pj 1 JjL___« 

.4___CJI 4_JVI ^^ic o^Cj.U* 




a\ „„JLJ1 oJU j& jjL^p 



o-jy / ■> ■ wijb 

5jU_Ll-> 

> ^VA jji j± 

^Lp jU>J /_ :wiJb 

^UI ^yJl yw-Jl ouUi_r 

\ ^VA ^jL. 

L^j /_ :_aJb 

^yjui j-C-ur 


j-a» *-> JIjl* ju>1 / : _aJb 

^yJI JjJJlI j SJUUI ol/_ jJI _t 


^j&l j-*j / 3 :woJb 

^UI jLJ>l o*5LL- j jJLUI -a 

^VAj_J^ 

t$jl*»>- O jP 1 j :_aJb 

l^l^ ^l o*SL_llj ^ j*JI ^L-JI _l 

^ *VA j^S^ 

>.j*J-~ /:^aJb 

UUil ULJl o*-£dl j -i^uVl -V 

mA^-k-il 

^j^-JI «*j / _> 

< *jJL|) f !>U>l^ly-A 


^Li / j : jJu,"j JJ-£ 






L j> twiU / . :_JLJb 

Sj-^Uil i yJJl oUj jJI Jj> >\jS\ -\ 

\ \V\ 

jUtJI j JLw»** / - :_aJb 

^J1U>0' 

\\VAj**sj 


( Jllll * _L0 _NL___.NI j \ \ 

XwJi0U>l /_> j * *^ 


lt/j*fj» /- : **»V 


\ \VA 


( JJlill - *_Ll> _NL_NI _*it J \ V 


Ju-JloU^I /3 J 


l^jiljN» /_> :i**-l^ 


wy^j—ti* 

^JUIjup jj_1 /3 :wiJb 

y yJlJUPjUJl ^j oOW-^r 

\\v\ ji^ 

^-"■'4; /- : _ajb 

^yji^iyu>-u 


^JL*» ^ . >i!Ijlp / _> :_aJb 

^l >lj (JUJI c« jJLLl c,LJ>l-> 0 


J : ,rt -tllJU.fr ._• j^j^i / _> ;_aJb 

5-yJl U-UJ S -.Uil o*5L_U j kJd) _ > n 

\ \V\ j-Ju> 

</^J ^-wj^-M 

^bj-Jl v^>--lj jj>50l -W 




wy^j^j* 

_> j*_>** ju>1 /3 :<-*>• y 

lJU>.|j_ilj L-^j-^'-^ 







\\V\ j^Jji 

_,*_> jl ju** : <_iJb 

^UI^I^^I-^^ 


■ 


i i! 


I "II 


1 \m 
! !■" 


I" 

lil | : ! 

t 


iljl!.: 

liEi : 


r 1 



«LuLo 2__£jj__vVl P L___dl UlSj tLlc Jio! * ^ W _jJ__a___! j_£ii ___S 
IjlM j^klj *(j^jVl ^jj ^II ______j I u' p*^^ (JLJI 

£jl>- J^aB ___5tJl (jl r*__J _jlcj -3L>Jl jjA (jjljlJ £jJ ->>>-J J-£ 

Jld ^^j$SJI IjLA (___t ^jJLajkJ (jJtJ J-b : JIj-j-" L__oj-j____>. ijjiojS/l t___Ij--£ 

IjLA JU J-.L-1 i^JLaJl JlU Aj^AJI OjJ±->- 2__L_-Vl ,*____;! (j^ !Jl>Jj 

J*JJL SL__. L-ILa l__-K Ljj 4jT _-k ^jJtjrt^ JJ j Jjl JajJLI uit_-i_£if1 

SLiA-nlU lJJjJLI Lj^Jij iu JjVl Sj-JJj i<jVtj .^j-JI (>» j-^T 
Sjl5V I |J____! ^ * JL*tj (^3 j^L L__*l_-____T- r l t jLflJ UalSJI 

JtjjJeJI j^____ SjLitjS 3jl_>. tliaJa^Aj j^i tcLjJLsJl Uj ^ya 5-j-JjJI 
Kr.Cj l -'4 ijLdl SjjuLJI ^LSju*VI j^taUI ^aLiSi-^MJ ^LJI j^ii 

2L1LJI CjIj^TlaIL Ijjj-* «^jjII L-jSj-J ILLSJI Jj ^_ J| ^yJI JjUJilll 

, Ljlj-J ^yi Sj^tjjJLI UjJtuaJl r<Aj-£ (___JI 4-dSllt 

Lt ^j - J *<_>.jVl ^j 4 (jja 5 j 4MI 3JjVl ^jrtj 7r4~ ^J-^i» _>_ij 
I JLfr ^j^LcJ jjjt _--J1 iijLiil jJ-JJl l_jL^_>j Jj_-l______JL l_jL_SJI 

4_L_J ^jJ__jj t<t._u^.Lij.lAJlj <L_. aU II 4m a! *j,jU^Jt ^4! »11 t ni*iSJt 

<_>_: - OJL>.j _jj - 4-iitJjil BLpJI l-£^Lc-I _£_U L : Jjji (jja 4__<i__^_l liJb 
51 j -kJI £jj£_i (jf (j5Uj J_- . S(ji_»jVl t_^ju_? ^ylt l_AJ^J _pJl SLj_j>JI 


CjIjaa qs ^jJi-t Cjtju^eua 5L>. ^J>-J JLj->*I - LiL4.ua - u-Bl f^7v^l 

S<La (jIujij ^jJt £_JjJ1 (jjSJI 
4jJL>. jf t3 SjI - " BL>- jj-=>j SJLLs-I LjjljI _^u ^jJI c^jLSJI _>^Lu 
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